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‘DURING the courfe of my attendance upon 
the fever-wards of this ‘town, I had been‘ fre- 
quently led to notice the rapid changes of 
temperature which the body experiences in this 
difeafe, and I felt defirous to afcertain how far 
they could be reconciled to the modern doétrines 
of animal heat. For this purpofe, I entered upon 
a courfe of experiments, refpecting the chemical 
{tate of the refpiration in fever, and I afterwards 
determined to extend my inquiries to other ftates 
of the body, either natural or morbid, in which 
it might be fuppofed that this funtion would be 
affected. As however I was aware that the fub- 
ject was not altogether new, it was proper to 
begin by making myfelf acquainted with what 
_had been previoufly done by others, not only on 
this particular topic, but refpecting refpiration in 

' general, It is well known, that this part of phy- 
fiology ‘has derived the moft important affiftance 
: : from 


a» 


wi ii 


~ from aie 2 Sodan difcoveries in chemiftry, and 
that it has alfoimmediately engaged the attention 


: a of fome of the moft diftinguifhed among the phi- 
°.lofophers of the prefent period. Their labours 


“have; for the moft part, been peculiarly fuccefs- 


ful, and by their means we have obtained an in- 
fight into fome parts of the animal ceconomy, 
which were before concealed in impenetrable ob- 
fcurity. But the information that has been ac- 
quired, ftill remains difperfed through a great va- 


riety of publications, fome of which are volumi- 


nous, and others not eafily to be procured; and 
in confequence of the rapid advances of chemical 
knowledge, it happens in a few inftances, that 


__ the conclufions even of the moft judicious phy- 


fiologifts are contradifted by fubfequent experi- 
ments. I conceived therefore, that my firft ob- 
je&t would be to colleé& the beft authenticated 
facts, and the moft valuable opinions that had 
been advanced, and to arrange them in fuch a 
manner, as to prefent a correct idea of the pre- 
fent ftate of our knowledge. 


_ The only connected view of the modern doc- 
trines of refpiration, which we have in our lan- 
guage, is contained in an article of the Supple- 
ment to the Encyclopaedia Britannica, written by 
Dr. Thomfon; and a feétion in the fyftem of 

chemiftry 


Ail 


chemifiry publithed ba the (asia ‘gentleman. I 
have demonftrated my idea. of the ability of this 
author by the frequent. reference which I have 
made to his writings ; but the: nature of the 
works reftricted him within very confined dimits. 
It was not without a degree of furprife and. re- 
gret, that I perufed the account of refpiration, i in 
the fyftem of phyfiology which is compiled for 
_ the ufe of the firft medical {chool now in exif- 
tence, a new edition of which was publifhed in 
the year 1791, under the immediate direction of 
a gentleman of talents and information, and un- 
der the patronage of a Univerfity, which ranked 
among its profeffors the names of Monhro, Black, 
and Rutherford. The letures on the animal 
ceconomy, which were delivered at Edinburgh by 
Mr, Allen, were indeed of fuch a nature as to 
fupply every deficiency ; it is much to be la- 
mented that they are now difcontinued, and {tll 
more, that there is no profped of their publica- 
tion; had that been the cafe, the following pages 
would have been entirely fuperceded. 


Every one who is acquainted with the nature 
of phyfiological experiments upon the living 
body, may eafily imagine, that as I advanced in 
my propofed plan, many unforefeen difficulties 
occurred, and many new fubjeds of inquiry pre- 

fented 


iV 


fented themfelves, fo that the probable period at 
which! I may expect to have them in a ftaté fitted 
to meet the public eye, feems fcarcely lefs re- 
mote than at their commencement. Under thefe 
| ciréumftances, I have been induced to prefent to 
the public this effay in its prefent ftate; fhould 
any unforefeen accident prevent the completion 
of my plan, I have fome™ expectation, that this 
portion of it will not be without its ufe ; it may 
at leaft ferve to remove fome ‘obftacles from the 
‘path ofthe future inquirer, and may ‘have an- 
effect. in directing the attention to one of the 
moft interefting departments of natural ROW 
ledge. | 


Liverpool, 
Feb. 24th, 1804. 
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ALL animals, however different tn thelr ftruCturé 
and functions, appear to agree in poffefling organs 
appropriated to the purpofé of refpiration (a) 
In ‘man, quadrupeds, birds, and the amphibia, 
they confift of a cavity, with the neceflary ap- 
pendages, which alternately receives and emits 
a portion of the air of the atmofphere. ‘Fith, 
in confequence of the medium in’ which they 
are immerféd, perform this funtion by a dif- 
ferent apparatus; they are furnithed with a paf- 
fage communicating with the fauces or cefopha- 
gus, and terminating in the e: ternal furface of the 
body, through which a part of the water received 
into the mouth is forcibly propelled In this 
paflage, the branchia, or gills, are fituated, and 
the blood which circulates in their fringed extre- 


B mities, 


(a) Note 1, 
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mities, is thus expofed to the action of a quantity 
of air, which the water always holds in folution. 
In many of the infeéts and lefs perfect animals, the 
refpiratory organs confift merely of a number of 
tubes or pores, provided with open mouths, and 
which fimply admit the external air to be re- 
ceived into them.(a) It appears, however, that 
notwithfianding the difference mm the ftructure 
and mechanifm of thefe parts, they are all con- 
ducive to the fame operation, and anfwer the 
fame general purpofes i in the animal ceconomy:( by 
Tn treating. upon this fubject, I thall begin by 
giving an account of. the procefs of refpiration ; 
I thall i in the fecond part. point out its direct ef- 
fedts; in, the third part, the different. affections 
of refpiration will be noticed, whether occafioned 
‘by. the various natural fituations in, which the 
body is placed, or by the effects of. morbid caufes 
operating upon the fyftem ; 3 I fhall conclude by 
inveftigating its ufes, and by an attempt to, afcer- 
tain the connexion which fubfifts between refpira- 
tion and the other functions. 


(a) Note 2. (6) Noté 2. 


PART 


AN ACCOUNT OF THE PROCESS OF RESPIRATION. 
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A Description of the Human Organs of 


_ Respiration. 


‘THE human organs of refpiration are the ne 
the trachea, with its various ramifications, the 
pulmonary fyftem of fanguiferous veflels, and the. 
diaphragm. The two firft of thefe are the ap- 
paratus by which the external air is conveyed and, 
received into the appropriate cells, The pul- 
monary arteries and veins are employed in carry- 
ing the blood through the lungs in fuch a man- 
ner, that it may undergo the neceflary change. 
from the action of the air, while the lafi is the 
principal agent in the alternate enlargement and 
contraction: of the cavity of the thorax. 


_ The trachea, is a long tube, compofed of 
cartilaginous rings, connected together by elaftic 
B2 : ligaments s 


4, 


ligaments; it commences in the fauces, and 
defeends into the thorax,, (where it divides into 
two branches, which communicate with the two 
divifions of the lungs. Each of thefe is fubdivi- 
ded into fmaller branches, ‘called the bronchia, 
which again ramify into others ftill more minute, 
until at length they terminate in what are called 
the veficles, or air cells of the lungs. In man, 
and the warm-blooded. quadrupeds, the carti- 
laginous rings are incomplete at the back part, 
where they lie contiguous to the cefophagus ; this 
deficiency is filled up by cellular fubftance, fur- 
nifhed with mufcular fibres. Thefe fibres are, 
placed both longitudinally and tranfverfely, fo 
that by their contraction, the trachea is di- 
minifhed, as well in its length as in its diameter. 
The aétion of the longitudinal fibres’ is alfo af- 
fifted by others, which pafs acrofs the intervals 
between each atoettive ring. As the bronchia 
decreafe in fize, their cartilaginous rings become 
lefs and lefs apparent, and at length, when they 
terminate in the veficles, their firu@ure is alto- 
gether membranous. A number of the air cells, 
with their accompanying veffels, are connected. 
together by cellular fubftance, and form what are. 
called lobules ; thefe are again united into larger 
tobules, and thefe into divifions of more confi- 


derable 
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-derable fize,, _ whieh conftitute the lobes oF ithe 
Tnige (aye “uf 
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confidered " as fubfervient.’ “Aftef’ the blood has 
completed its circulation: through the body, it is 
returned by the vena cava, te to the: right fide of the 
heart. From this cavity, it’ is propelled through 
the lungs, along the branches of the pulmonary 
artery, which ramify with almoft inconceivable 
minutenefs over the bronchial air cells, forming 
what is called the rete mirabile of Malpighi; it is 
then collected by the pulmonary veins, and re- 
turned to the left auricle of the heart. 


The pulmonary arteries and veins, with the 
air veffels, and the accompanying lymphatics and 
nerves, are all connected together by cellular fub- 
ftance, and: compofe the lungs, two fpongy mafles 
which completely fill the thorax; the internal fur- 
face of this cavity is lined with a membrane, called 
the pleura, which is reflected over the furface of 
the,lungs; it is afcertained, that in all the dif- 
ferent ftates of refpiration, the two parts of the 

pleura 


{a) Note 4, 
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pleura are. in perfect contact.(a). The diaphragm 
is a ftrong, expanded, and peculiarly irritable 
mufcle, which feparates the contents of the two 
great cavities of the body; in its natural fiate, it 
affames an, arched form, convex with refpect. to 
the. thorax, but: when i in.a ftate of contraction, its 
eurvature is diminifhed, and ennfecnently the ca- 
vity of ie spas: becomes. increafed. 


(a) Note 5. 


7 
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A Description of the’ Mechanion i Respiration. 


RESPIRATION. ae tha in imme reception. a 
emiffion, of ;air into, and,gut of the, bronchial: vef- 
fels of the lungs, by means of the alternate enlarge- 
mentand.contraction of the cayity. of. the. thorax, 
When. the:body,is in its natural pofition,.and the 
mutcles are relaxed, the lungs are ina ftate of .ex- 
piration 5. but. after. they have ‘continued in, this 
condition for only.afew feconds, we are under the 
neceffity:.of inhaling. a. quantity, of frefh .atmof- 
_ pheric air, For, this ._purpofe the diaphragm. 1s 
contraGed, and thus rendered lefs convex|towards 
the thorax, by ‘which means, the; capacity of the 
cheft is augmented; ‘The intercoftal mufcles are, 
at. the. fame, time, thrown into. ation; and. by 
elevating the arch of the ribs, and thus ineneafinig 
the diftance between the fternum and the fpine, 
Hill farther tend to enlarge the dimenfions of the 
thorax,’ The cipher is however, thé chief 


agent 
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agent in producing this effect;(a) and anatomifis 
are generally agreed in fuppofing, that the ufe of 
the intercoftals confifis principally in fixing the 
lower ribs, fo as to prevent their being drawn down 
by the action of the diaphragm, and thus obviating 
the effects of its contraction.(b) The contrac- 
tion of this mufcle in fome degree difplaces the 
vifcera which lie contiguous to it, and pufhing 
them againft the parietes of the abdomen; ‘caules 
a protrufion of the firaight and oblique mufcles 
which’ compofe its ‘anterior boundary.“ ‘The ek 
| pacity of the thorax being augmented, and a free 
paflage being left by the trachea for’ the: admiffion 
of the air, a portion of it will neceffarily uth: into 
the lungs, i in order to maintain an equilibrium be- 
tween the external and’ internal preffure. (c) The 
contra@ion’ of the’ diaphragm and’ intércoftals 
foori ceafes, the elafticity of the cartilages of the 
ribs’ re-acts, and ‘the parts return to their natural 
fiate's at ‘the fame time a degree of contra@tion 
sakes place'in the mufcles of the abdomen; ‘and 
the vifcera are reftoredto their “former pofition ; ; 
the thorax is thus: reduced to its original: capacity, 
and a portion ths air is ie y epee from 
ashe aes ‘ehig MAO GV¥Os9 
sit ta ent Dthalhiitg of} ovralits 0} : 193 teri it MWe 
2.(@) Note 62 syovcs Note: ae  &) Notes!) 
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- We have ‘now beén defcribing what’ takes. 
| py? in-an_ act, of \ordinary. infpiration 5) but. this 
function, though fo. -effential to life that.it,cannot 
‘be, interrupted” for the: thorteft: mterval, » without 
imminent, danger, is, at the fame. time; fo far un= 
der, the control sof the willy ds that, according to 
inclination’ or neceflity,, it, miay be exercifed in 
wery, different. degrees... MWohen we are defirous:of 
making “a full: anfpiration, 'cbefides; the diaphragm 
and antercoftals,, we call, into action | the! exter- 
nal, mufeles. of: the breaft;. thofé of ‘the thoulder 
and other, neighbouring parts, which, by elevating 
the ribs.and fternum, full farther increafe:the:ca- 
pacity of the thorax.(@). When, on the contrary, 
we Aa to produce a‘full expiration, -the:abdomi- 
al mufcles. are, more ;tirongly, contracted; y the 
ein thus pufhed - more: forcibly! againft ithe 


diaphragm, and its convexity towards the thorax 
1s increafed. 
ase oh Apido'ralnh 4.08 ay eel elt ‘wed, Waa ss 
The grand obje& of refpiration is to effet a 
ehange in the blood, by the operation of the at- 
mofpheric air ; in order to accomplifh this end, it 
is neceflary, both that afreth fupply of air be con- 
tinually offered to the blood, and alfo that as large 
a furface of blood as poffible be prefented to the 


air. 


fa) Note 10. 
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air. The fabric'and mechanifm of the lungs are 
adapted to produce thefe effeéts in: the 'moft com- 
ay plete degree : ‘the very aét of refpiration confifts 
‘im. perpetually changing the air of the lungs, and 
the manner in which the blood of the’ pulmonary 
artery is ’diftributed. over the furface of the vefi- 
eles, in branches of almoft inconceivable minute- 
‘mefs, affords the beft opportunity to each particle 
of blood for undergoing the ation of the air. 
Several. phyfiologifts;' and among’ others Dr. 
‘Hales and Dr. Keill,(a) have attempted to efti- 
mate the number of the bronchial veficles; and 
4he extent of the membrane: lining them. ‘ The 
refults differ fo .much’as to) démonftrate the fal- 
dacy of their calculations ; but they’ agree in con- 
 «eiving the membrane to be many times ‘mote 
| gS ab oat sw phlei of the whole Yaar 


P ; i? 


(a) Keill, Tent. Med. hii 80. Hale's Stat, Bag. 
Vado Be 24], *} Ph) pee 18 feo. i bore %<¢\ ’ 


i! 


et 
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pa into pe Bulk of a Paste Inspiration, 
and into the Capacity of the Thoram i in its di yf 
ferent States of Distension.. : . 


AFTER having ‘obferved the manner. in : which 
the act of refpiration is effected, it naturally be- 
comes an object of attention to determine: the ca- 
pacity of the Jungs, and the quantity of air re- 
eeived and emitted by. them. There are feveral 
circumftances which render the latter part of this 
inquiry of peculiarly difficult refearch, and not- 
withftandin g the labors of feveral fkilful experimen- 
ters, the object ¢ of their inveftigation has not been 
fatisfaciorily afcertained. . Owing to a ‘difference 
in fature, and i in the peculiar conformation of the 
thorax, probably alfo in the conftitution and ha- 
bits” of individuals, great. varieties prevail in the 
. quantities of air refpired by different perfons =~ 
and in the fame perfon it is well known, that the 


refpiration is matenlaaty. influcacad by the degree 
of 


: Ny + a, = \ 12 

of mufcular ee NtiOn: the ftate of the ftomach, the 
+ mental’ impreffions, and the powers of volition ; 
“ ‘< all, therefore, that can be effected by experiment, is 
“to afcertain the average quantity of air refpired in 
thatftate of the body, when it is leaft under the 
influence of external agents, — - 


_ Many. calculations were made by the older 
‘writers, ‘to determine the capacity of the. ‘lungs, 
and the change which. Tc experiences By refpira- 
tion, but as their eftimates were founded rather 
upon hypothetical. reafoning. than. upon., experi- 
‘ment, they were for the moft part remote from 
‘the truth. Borelli i is the eatlieft phyfi jologift who 
‘eftablithed an | experimental i inquiry into the «  quan- 
tity of air received by a fingle infpiration. ( a) ‘Dr. 
Surin afterwards improved upon this method, ‘and 
‘obtained tefults which appear to have’ been to- 
erably accurate, ( b) His experiments. confifted 
imply. in receiving ‘the air which was “expelled 
from the lungs into a bladder, ‘and by Tepeating 
this, proces. for ‘a fufficient number of times, he 
concluded, that the quantity. of air employed i ina. 
fingle a&t of refpiration amounts to 40 cubic 
inches, | No additional information feems to have — 

é | fe deen 


Oe} ee - 
wits dmMtiv 


“ay De motu Anim. i. 2. prop.-81. 


“ (l) Hallert El, Phys, lib, viii. sect, 3.8. Hales’s Esstys 
#1, p. 248. 
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been acquired ‘from (the time of Jurin until:the. 
publication of Dr. Goodwyn’s Effay-on the’ Con- 
nexion ‘of Life with Refpiration. (a). This author» 
enters fully into the difcuffion of the queftions: 
refpeCling the capacity of the thorax, \and» the: 
quantity of air received in a fingle infpiration, 
and he inftituted'a number of ingenious and eéla- 
borate experiments for the punpeter of CUDA 
thefe “oo ga OY Ris ‘i 
“His sal commences seria an plcenipes to mea-=> 
fure the quantity of air left in the lungs: after. a: 
complete : expiration. Every animal, he remarks,’ 
immediately before death, produces a full expira-" 
tion, and therefore, by afcertaining the capacity of 
the thorax in the dead fubje&t, we obtain a folu- 
tion of the propofed inquiry. The diaphragm 
being the only part of the cheft which remains 
moveable, he endeavoured to fix it by applying a 
firm comprefs about the upper part of the abdo- 
men. -An opening was then made into the thorax, 
and the lungs, collapfing by their natural elafti- 
city, expelled the air which they previoufly con- 
tained, and thus left a cavity between the pleure, 
which. he filled with water. This water he con- 
ceived would exadcily meafure the {pace previoufly 


occupied 


” * 


(a) Note 11, 
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‘occupied by the air contained in the lungs, and 
from the average of four different experiments, he. 
concluded the quantity of air left in thé lungs 
after a complete expiration, to: be 10g" sunt 
: inches. Pag 4 : 


“Dr, cust next wileoooei to aftiomicts the 
quantity of air received into the lungs by a fingle 
infpiration, and for this purpofe he ufed the fol- 
- lowing apparatus.(b) D is a veffel with two 
openings, through one of which E he infpired, 
while the other c¢ was immerfed in water con+ 
tairied in the dith G; a quantity of water equal 
to the volume of air infpired will neceffarily pafs 
into the veffel D, and from the weight of this 


water, it is eafy to eftimate the bulk of the air — 


taken into the lungs. By taking the average of 
thirty infpirations, and by ufing the neceffary pre- 
cautions, the quantity appeared to be twelve 
cubic inches, which when: it entered the lungs, 
he fuppofed would, by their higher temperature; 
be expanded to: fourteen cubic inches: fourteen 
_ cubic inches therefore he eftimates to be the 
quantity of air employed in an ordinary ad of 
refpiration. meni previoufly found the quan- 

. tity 


(a) Note 12. Connexion of Life with Respiration, p. 26. - 
(b) Vide Fig. 1. 
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tity of airleft in the lungs after, expiration to be 
109 inches, | he concludes, - that the difference of” 
capacity which the lungs experience in the alterria- 
tions of -refpiration, isin the proportion of 109 to 
(109+ 14) 123.(a) Thefe numbers are much lefs, 
than the quantities affigned by preceding writers, 
particularly by Dr. Jurin; it. will therefore be 
proper to. examine how far the experiments and 
obfervations of Dr. Goodwyn may be found ob« 
st reisagaa 


The pofition, that every animal makes a com~ 
plete expiration before death, which forms the 
bafis of his experiments, is in the main true s 
yet there is every reafon to fuppofe, that it will 
require many reftriCtions before it can be admit- 
ted as the firft fiep ina phyfiological calculation. 
’ According te the.nature of the difeafe or accident 
producing death, the ftate of the lungs mutt vary 
confiderably. .In many inftances, the'refpiration 
is directly. impeded by an obftacle preventing the 
ingrefs and egrefs of the atmofpherical air out of 
the bronchia; in fome cafes, the air when ad- 
mitted, is prevented from undergoing its appro- 
priate change from the a¢tion of the blood, while. 
in a large elafs of difeafes, life is extinguifhed by 

hs the 


(a) P.28 & seq. 
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the gradual ceffation “of the powers, Which éna-' 
ble “the heart to’ propel: the blood through the 
_ pulmonary veflels: © To determine precifely, what 
isthe ‘different’ condition’ of the lungs ‘in thefe 
different’ circumftances, ‘would require a long 
and difficult inveftigation ; itis fufficient for ‘the’ 
prefent purpofé to ftate thefe differences, as it ‘is! 
evident that: they muft produce: different effects 
upon the organs of refpiration.” EOS O USI ESLOO 


The method which Dr. Gti dn rayee 
to:retain the form of the thorax, lies open to fome 
objections, ‘With whatever care the comprefs be 
applied about the ‘region of the diaphragm, there 
is. fill reafon to believe, that ‘a fufficient power 
might: puth it down upon the vifcera contiguous 
to it, and fo caufe them to protrude into the 
loins, the groih, or fome other part of the parie- 
tes of the: abdomen; to which the bandages weré 
not applied. Mr. Coleman farther urges againft 
Dr. Goodwyn's’ experiments, that. after a com- 
plete expiration, the diaphragm is raifed as high 
as the 4th or 5th rib, but that a comprefs about 
the upper part of the abdomen, would be inca- 
pable of retaining it in this pofition, and that the 
ribs themfelves will alfo defcend by ‘the preflure 
of the water arene into the cavity of the 


therax, 


17 
thorax, and. will confequently draw down’ the 
whole fubftance of the saree (a) 


, Dr. sale bteris appears alfo to have Beets mif= 
taken in conceiving, that a complete collapfe of 
the lungs is produced by the admiffion of water 
into the cavity of the thorax. (6) A degree of 
preffure will in this cafe be exercifed: upon the 
furface of the lungs, which will produce a mate- 
rial contraCtion-in their bulk, but it will not obli- 
terdte the cavities of the bronchial veficles, an 
effet which muft take place before all the con= 
tained air can be expelled. Both from’ the thape 
and texture of thefe orgaris, and from aCual ex- 
periment, we know that fcarcely any degree of 
external force can fo’ far evacuate the contents of 
the lungs; as to render them fpecifically heavier 
than water.(c), Upon the whole we may conclude 
that Dr. Goodwyn’s eftimate of the capacity of 
the lungs after a complete expiration is not unob- 
jeCtionable, yet the experiments muft be confi: 
dered as valuable, and as affording refults pro- 
bably not very remoté from the truth. 


The author will:bs found to be lefs fortunate 
C. in 


(a) Coleman on Resp. p. 89. (b) Goodwyn, p. 2. 
() Boer. prelect; t. v.p.2,p,458. Petit, Mem. Acad, 1733. 
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in’ his febond fubje@ of inquiry, viz) refpecting 
the quantity’ of air received by a fingleinfpiration. 
He remarks himfelf, that in breathing through 
the tube E, the water, is raifed. out of ‘the, veffel 
G, contrary «to, the »power of « grayity;,and that a 
greater effort \is: therefore, neceflary to -receive the 
due. quantity of ‘air into,the lungs. (a) He con- 
fequently attempted to obviate this fource-of in- 
accuracy, butthe nature of the apparatus feems 
to ‘render this impraéticable., Dr..Menzies has 
alfo -pointed jout another ,caufe of ,error an ;this 
experiment:;,-when . the, mouth “is. rernoved ‘from 
the tube, ; the external air wall immediately. ruth 
in and:repel. part of the, water into) the. veffel G, 
and confequently the;meafure of an, infpiration 
will be:eftimated below the, truth); that ‘this ac- 
tually, takes place Dr, Menzies found by adding 
ein to the ieielbgie ( WY aaqiJ 
soo. Ek ted 

tess more important error i into. sts Dr. Good- 
ae fallen, confifts in the! comparative, efti- 
mate which he forsts,of the capacity of the lungs 
in the ordinary; ftates,of infpiration -and. expira- 
tion. He calculates the quantity of air left in 
them after a complete, expiration ;to’ be, h0Q cu- 
bic inches, and he fuppofes that 14 inches are 


received 


» « ‘ k ‘ 
bs a a iS 


Ya) Godilwyn; p: 33,4. Cb) Menxies on Respiration, p. 10. 
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‘received at each infpiration ; hence he infers, that 
in. the ordinary procefs of refpitation, ‘the lungs 
experience a dilatation and contraction from 123. 
to 109 ‘cubic inches, (a) But ‘iit is obvious that 
the author here’ confounds together an ordinary 
‘and a complete expiration. LEY DD "Mt 


The quantity of air emitted from the lungs is, 
within certain ‘limits, under the control of the 
will; fo that we ate enabled by a voluntary effort 
to expel a confiderable quantity of air after an 
ordinary expiration. The amount of this quan- 
tity has been varioufly eftimated, from 220 to 70 
cubic inches ; we fhall probably be not far from 
the truth in fixing it at/170 cubic inches. (b) 
‘Yet it is certain, that after\the mot powerful vo- 
luntary effort of expiration, the lungs will not be 
completely emptied, they will then be only re- 
duced to the ftate in which Dr. Goodwyn made 
his experiments, when he found them to con- 
tain 109 cubic inches. | 


_ Admitting therefore the juftice of his calcu- 
lations, the inference which he draws from them 
will be inadmiffible ; the difference of capacity 
inthe flates of expiration and of infpiration will 
i) C3 be, 


(a) Goodwyn, 6. 36, 7. (Lb) Note 13. 
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be, the quantity of air that can be expelled after 
an ordinary expiration, (which I have eftimated at 
170 cubic inches) added to 109, the quantity ftill 
remaining in the lungs, in all 279 cubic inches ; 
and 279 added to 14, the meafure of a fingle in- 
fpiration, equal to 293 inches; but we fhall find 
that this meafure of a fingle infpiration is not 
correct. From this view of Dr. Goodwyn’s work 
it appears, that though his experiments were in- 
genioufly contrived, and appear to have been care- 
fully executed, yet that fome of his moft i np 
tant conclufions are erroneous. 


A fhort time after the appearance of Dr. 
Goodwyn’s work, Dr: Menzies publithed his 
Effay on Refpiration. He begins by inftituting 
an inquiry into the quantity of air employed in a 
fingle act of refpiration, and alfo into the capacity 
of the thorax, as Dr. Goodwyn had) previoufly- 
done; but he arrives at conclufions which are 
materially different, and which there is every 
reafon to confider as much more nearly approach- 
ing the truth. He procured an allantoid capable 
of containing 2400 cubic inches, which was fixed 
to a tube furnifhed with two valves. (a) The 
allantoid was placed at the valve c, fo as ta re- 

: ceive 


(a) Vide Fig. 2. 
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ceive only the air of expiration, and he continued 
breathing into it until it was completely filled. 
By comparing the number of expirations with the 
bulk of the allantoid, he calculated that each 
confifted' of fomewhat more than 40 cubic in- 
ches. (2) This refult he confirmed by fixing 
another allantoid filled with air to the tube C, and 
from obferving the number of infpirations which 
this fecond allantoid afforded, he found the bulk 
of each infpiration to correfpond nearly with his 
previous eftimate of a fingle expiration. Not fa- 
tisfied with thefe calculations, Dr. Menzies had 
recourfe to experiments of a different kind. A 
man was placed in a large veffel of water, warmed 
nearly to the temperature of the blood, and the 
degree of afcent or defcent of the water in the 
upper part of the veffel being accurately noted, 
from thefe data it was eafy to form an eftimate of 
the alteration in fize which the thorax undergoes 
during refpiration. /b) The trials made with this 
_ apparatus correfponded remarkably with thofe 
performed by means of the allantoid, and thus 
afforded a ftriking proof of their corre@nefs. In 
the experiments of Dr. Menzies there appears in- 
_ deed ‘no ‘affignable’ caufe of error, and their co- 
incidence with each’ other, and alfo with thofe of 
Jurin 


(a) Menxies, p, 30. (b) p. 24—30, 
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Jurin: mentioned above, muft be confidered as 4 
i argument in rama of their a oa 
Ip eer aren eftimate Fibs Mindeity’ RF the 
ieee Dr. Menzies adopts Dr. Goodwyn’s' eftis: 
mate of 109 cubic inches, as the meafure of the. 
air left in them after a complete. expiration, and. 
adding to this quantity 70 cubic inches, which. 
he found he could ftill expel after an ordinary 
expiration, he, fuppofes 179 inches to be the 
bulk of the thorax in the ftate of ordinary expi-+ 
ration ; to this he adds 40 cubic inches,, which 
gives 219 as the capacity of the lungs after an or- 
dinary infpiration. (a) Thefe calculations of the 
bulk of the thorax are probably below the truth,: 
as there is no doubt that confiderably more than 
70 inches can be expelled from the gan ny em- 
ploying a powerful effort bed sea dy aren 
, mS Tes in Lad leet concerning. cas 
nitrous oxide, performed fome., experiments: for the, 
purpofe of afcertaining the capacity of the Jungs 
in’ their, different. ftates, of .diftenfion, .and the 
quantity of air received into them by. a. fingle in+ 

fpiration. | In order.to determine this latter, point, 
he. amma npsactved refpiration. in .a_ peculiar 
pneumatic 


fa) Menxies. p. 32.00! 
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pneumatic apparatus, until he had acquired. the 
power, of breathing” in’ it;without any extraordi- 
nary labour or attention, in a perfectly natural 
manner. “From a number of trials /he conceived, 
that at each ‘infpiration he took into the lungs:no 
more’ than 13) cubic inches. (a) » He alfo: at- 
tempted to difcover the capacity of his thorax in 
a ftate of complete expiration; he ‘proceeded to 
the folution of’ this problem in ‘the. following 
manner, “He endeavoured to prove by previous 
experiment, that when a quantity of hydrogene is 
refpired it is neither abforbed by the blood nor: in 
any way altered, but is imply mixed with the air 
contained in the lungs. He accordingly infpired 
a quantity’ ‘of this gas, and then making a com- 
plete expiration, he afcertained what quantity of 
the hydrogene he had’ difcharged from: his lungs, 
and what proportion | it bore to. the other gafes 
expelled at the fame time. From thefe data he 
determined what quantity of hydrogene was ftill 
retained, and fuppofing it to have been uniformly 
mixed with: the whole air in the lungs, he eafily 
calculated the abfolute volume of air ftill remain- 
ing in them. Making the due allowances for the 
- expanfion, which it would experience from the 
heat of the body, he fuppofes: that ie capacity 

of 


(a) Researches, p. 433. 
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of his lungs in a ftate of complete expiration 
amounts to no more than 41 cubic inches. (a) 
It is difficult to reconcile thefe eftimates with 
thofe of Dr. Menzies, which were apparently 
deduced from accurate and well contrived. expe- 
riments. With refpect to Mr, Davy’s method of 
determining the bulk of a fingle infpiration, we 
may remark in general, that the quantity of air 
taken into ithe lungs varies fo much at different 
times, and depends in fo great a degree upon the 
will, that other circumftances being the fame, 
thofe experiments will ftand the beft chance of 
accuracy in which an average is taken from a 
confiderable number of infpirations ; in this par- 
ticular the experiments of Dr. Menzies poflefs a 
decided fuperiority. There is alfo another cir- 
cumftance to be noticed with refpect ta the pe- 
culiar apparatus employed by Mr. Davy, which 
may be fuggefted as a probable caufe of inaccu- 
racy. He informs us that he attempted to breathe 
in the mercurial air-holder in fuch a manner that 
the refpiration might require no unufual effort, 
and he concludes, that in this cafe the function 
would be exercifed in the fame manner as in its 
natural fiate. But in breathing into this appa- 
ratus, 


(a) Researches, p. 409. 
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ratus, notwithftanding the nice adjuftment of its 
parts, fome degree of refiftance is to be overcome, 
which does not exift in ordinary refpiration, and 
therefore if the fame degree only of exertion be em- 
ployed, alefs quantity of air will certainly be emitted 
from the lungs. It would require a number of 
fucceffive refpirations greater than appears to have 
been employed by Mr. Davy, before any painful 
fenfation will arife from this impediment ; unea- 
finefs in the organs of refpiration is produced 
more readily by an alteration in the quality than 
the igo ie of air palneath: into them. . 


“The eftimate which Mr. Davy has formed of 
the capacity of the lungs, in the ftate of complete 
expiration, differs fo materially from other di- 
rect experiments, and is fo incompatible with the 
ideas which are derived from a confideration of 
the anatomical ftructure of the thorax, that it is 
impoffible to avoid fufpecting the exiftence of 
fome error or fallacy in the procefs which he em- 
ployed. The only conjecture which occurs to 
me, in any degree likely to remove the difficulty, 
is the fuppofition, that the hydrogene was not dif- 
fufed uniformly through all the cavities of the 
lungs ; a fuppofition which is in fome degree 
countenanced by the confideration of the different 
{pecific gravities of the gates, and which derives 

: confirmation 
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confirmation from the experiments of M.:Jurine, 
of ‘Geneva. He: received the airof one expira- 
tion into four different veflels, and he found the 
different portions of air to exhibit different che- 
mical properties... According to the order in 
which: they had’ been expelled from the lungs, 
they contained, a greater proportion of oxygene, 
and a fimaller of carbonic’ acid. Hence it may 
be conjectured, that in the experiment of Mr. 
Davy, the hydrogene which he had infpired, had 
not mixed itfelf with the air contained in the 
veficles, in the fame proportion as in the larger 
branches of the trachea, confequently the air 
upon which the experiment was made,» would 
contain a greater proportion of hydrogene than 
the average of the whole air contained in the 
lungs, and the eftimate of their capacity, taken. 
from the quantity of hydrogene, would be necef- 
a below the truth. (a ) | 
| , 
The igi which I. men sedate of 
Goodwyn, Menzies, and Davy, are the moft:ac- 
curate that have been performed upon the mecha- | 
nifm of refpiration ; it will however be proper to 
notice the eftimates of fome other authors, even 
pins we shi find ianey to be lefs fatisfactory. 
Ao 


(a) Note 14. 
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_ Anvinterefting account is given inothe En- 
cyclopedie Methodique (a) of fome experiments 
performed by M. Jurine, on the chemical change 
produced upon the air by refpiration. in: different 
conditions of ithe body. In the courfe of the 
detail; he is Jed to mention the bulkiof a fingle 
infpiration, which he eftimates at 20 cubic inches; 
this the editor, M: Hallé, confiders as too large 
a quantity ; but there is no mention made of the 
reafons upon which: the opimions either of M. 
Jurine; or of M. Hallé are founded. Mr. Kite, 
in his effay on fubmeérfion, ftates the quantity of 
air received by an ordimary infpiration to be 17 
cubic inches, (b) and M. Delametherie, | the 
learned editor of the Journal de» Phyfique, re- 
duces it to a much lefs quantity, (¢) in neither 
inftance, however, are we informed: of the experi- 
ments by which thefe refults were obtained. Mr. 
Abernethy employed am inverted: jar filled with 
mercury, and by) refpiring as much: as »poffible 
in the ‘ordinary manner,’ he ESE from the 
renee 12 me inches: sini 
. sadisaeleneiies a the. aol of his) work on 
fufpended refpiration;'!is led:to compare the capa- 
iva -onlt to osit oft ni notPubor oldsnoitogenty 

Hie, “Article Medecine, t. i. p. 493, &F seq. (b) p. 47. 

(c) Journal.de Physigue, t, xvi. p. 108. 
(d) Essays, p. 142 
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city of the lungs after drowning, with their «apa- 
city in a ftate of health, and thus to difcover the 
diminution which the cavity of the thorax experi- 
ences in a ftate of complete expiration. He con- 
duéted his experiments by applying a ligature 
about the trachea of an animal which he had 
previoufly drowned, he then detached the lungs 
from the body, and preffed out all the air into 
an inverted jar of water. He afterwards inflated 
the lungs, and noted the quantity of air they were 
capable of receiving when fully diftended ; thefe 
two quantities he compared: together (a). The 
refults of his experiments were very different 
from what might previoufly have been expected ; 
the lungs of a cat, which when inflated were 
capable .of holding 16 drachms of air, after 
drowning, were found to contain only half a 
drachm ; and in-a dog, which he killed by hang- 
ing, the proportions were ftill more extraordi- 
nary, nearly as forty-three to one. We have no 
reafon to doubt either the faithfulnefs with which 
thefe experiments are ‘related, or the accuracy 
with which they were performed, yet, as the 
lungs always exactly fill the cavity of the} thorax, 
they. cannot. be reduced in: capacity. without a 
proportionable reduction in the fize of the cavity 
| containing” 


(a) p. gl. & seq. 
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containing them, and it feems almoft inconceiv- 
able, that fo enormous a difference could take 
place in the capacity of the thorax of the fame 
animal. (a) We may therefore conjecture. that 
there exifts a fource of fallacy arifing: from the 
nature of Mr. Coleman’s experiments., , I fhall 
point out fome circumflances which may, in part 
at leaft, remove the difficulty. 


When an animal is killed by interrupting the 
paffage of the air into the bronchial veffels, what- 
ever may be confidered as the immediate, caufe of 
death, it is found, that aconfiderable portion of 
the air which i is left i in the lungs is converted into 
carbonic acid gas. According to the plan upon 
which Mr. Coleman conduéted his experiments, 
a part, at leaft, of this gas muft neceflarily have 
been abforbed by the water through which it was 
received, and upon which it was lodged ;, confe- 
quently his eftimate of the quantity of air left in 
the lungs will be lefs.than the truth. This ab- 
forption of carbonic acid gas may tend in fome 
degree to reconcile the apparent contradiction in 
Mr. Coleman’s experiments, but.the circumftance 
which I fhall next point out is more extenfive in 
its operation, and will have a much more impor- 
tant effect upon our reafonings. . 

When 


(a) Note 15, 
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~ When an animal is in’ the ac of drowning, 
the fenfe of ‘fuffocationwhich is experienced - pro- 
duces a violent effort to expire. All the mufcles 
which can conduce to this effe& are brought into 
ftrong action, and contrafled to the utmoft, in 
order to expel from the lungs'as large a quantity 
as poffible of the air which is contained in them. 
Thefe mufcles, however, becoming exhaufied by 
their efforts, are quickly relaxed, and the thorax 
returns nearly to its natural dimenfions. In con- 
fequence of the fituation i in which the animal is 
placed, the external air has no accefs to the lungs, 
and on this account the air which remains in 
them becomes confiderably rarefied. Owing to 
this circumftance, a portion of the mucous fluid 
which lines the membrane ‘of the veficles is con- 
verted into an aqueous gas, which is mixed with 
the rarefied ‘air, and fills the cavities of the 
lungs: (a) The uneafinefs of the animal continues 
to encreafe, and ‘after a ‘fhort time, a fecond vi- 
olent effort to expire enfues, and'a part of this 
rarefied air, together with» fome of the aqueous 
vapour, is forced out. ‘This procefs is repeated 
until a large proportion of the’ air originally con- 
tained in the lungs'is excluded from them, and 
the powers of the animal being completely ex- 
| _ haufted, 


(4) Note 106. 
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haufted, the’ refpiratory organs ceafe’ to. act.» It 
is, obvious on the firft view. of the fubje@, that 
in the » method | of experimenting, employed by 
Mr. Coleman, all the aqueous: \vapour was. en- 
tirely difregarded in. his) \eftimate of the contents 
of the lungs... When) they: were, removed, from 
the thorax and -expofed,to the: preffure} of :the 
atmofphere, the gréateft; part /of,this vapour would 
be immediately 'condenfed, ‘and, any. portion |,of it 
which {till retained»its elaftic form,;would be 
totally deftroyed in ats, paffage through the: water 
contained inthe inverted, jar'(a)...It may He far- 
ther remarked, that owing to. the circular {hape 
of | the bronchia, and veficles, and. more ‘efpeci- 
ally to the: cartilaginous. texture of| the former, 
it is impoffible by mere preffure to expel all the 
air which they contain. When they have once 
been rendered pervious by infpiration, no:degree 
of compreffion’ can render: them: 'fpecifically hea- 
vier than water; itis even’-doubtful whether this 
. @ffect can’ be produced by placing them in‘ the 
vacuum of the air pump : '(4) but it does’ not ap: 
pear that thefe precautions were employed in the 
experiments now‘under confideration, — 


From the circumftances which I have pointed 


\ ‘ Lees out, 


(a) Note 17. 
&b) Petit Mem, Acad, 1733, Boer Prelect. t. v. p, 45%. 
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out, it is‘evident that Mr. Coleman has eftimated 
below the truth the capacity of the lungs in theit 
ftate of complete expiration, and there is reafon 
to apprehend, that in determining their capacity 
in the ordinary ‘condition of infpiration, he has 
_ fallen into the oppofite error. In order to afcer- 
tain this point, he detached the lungs from the 
body, and after diftending them with air, mea- 
. fured their contents by preffing it, as in the for- 
mer experiment, into a graduated veffel filled 
with water. From the ftructure of the lungs, and 
the elafticity of their fubftance, it is not impro- 
bable that when they were in this manner fully | 
diftended, they would be ftretched to a fize be- 
yond what they occupied while contained in the 
cavity of the thorax. (a) 


Thefe remarks upon the method by which the 
procefs of refpiration is effected, will thew, that 
though phyfiologifts are agreed as to the mecha- 
nifm by which the air is received into and fent 
out of the lungs, yet that with refpect to their 
relative capacity in the different ftates of refpira-‘ 
tion, their opinions and experiments are much at 
Variance. 


Before we can arrive at a perfect knowledge’ 
of 


fa) Boer. Instit. § 603, Blamenbach Instit. Phys. p. ¥1. 
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of this part of the fubject, it will be neceffary to 
afcertain precifely the 5. following points. ft. 
The quantity of air received into and fent out 
of the lungs in an ordinary . ac of refpiration. 
Qd. The proportion which this. bears to the quan- 
tity of air contained. in the thorax after an ordi- 
nary expiration, which may be confidered as the 
natural condition of the thorax. ad. The quan- - 
tity of air which can be ftill expelled after an 
ordinary expiration; and 4th. The proportion 
which this bears to the air {till left in the lungs, 
which will meafure their fiate of complete expi- 
ration. Laftly. The quantity of air which can 
be taken into the lungs by the greateft effort of 
infpiration. 


The firft of thefe soe is, I AL iee af: 
certained. by the experiments of Dr. Menzies. 
Though the calculations of other phyfiologifts are 
confiderably different, yet, there feems no obvious 
fource of inaccuracy in the procefles which he 
employed, and the coincidence of the different 
experiments with each other is certainly too re- 
markable to be merely the effec of accident. 
Refpiration is an act fo much influenced by ex- 
ternal caufes, that we can never expec to attain 
any certainty as to the quantity of air ordinarily 

D- received 
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' received into the lungs, without taking the ave- 
‘rage of ‘a confiderable number of infpirations. 
By means of the allantoid, Dr. Menzies was en- 
abled to compare together ‘56; in this refpeé 
alone his experiments poffefs a decided fuperiority 
over thofe of any other phyfiologift. The  coin- 
cidence which took place between’ the refults of 
his experiments performed with the allantoid, and 
thofe in which a man was placed in a velfel of 
‘warm water, convey to the mind an almoft irre- 
fiftible conviction of their truth. We may there- 
fore conclude, with refpect to the firft of thefe 
‘points, that 40-cubic inches is the quantity of air 
employed in an ordinary act of refpiration. (a) 


The proportion which an ordinary expiration 
bears to the quantity of air ftill left in’ the lungs 
has been varioufly ‘eftimated. — Thé calculations 
of the older writers upon’ this fubjeét feem to 
have been very incorreét. It appears, that in per- 
forming their experiments they removed the lungs 
from the thorax, and then obferved what quan- 
tity of air they were able to force into them, in 
order to their complete diftention ; but the un- 
certainty of this modé of proceeding is fufficiently 
obvious. Dr. Menzies’ eftimated the medium 

HARP capacity 


(a) Note 18. 
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capacity of the lungs in a ftate of ordinary expi. 
‘tation at 179 cubie.inches ;\I have already ftated 
the. reafons: which: induce me, to jconfider this 
quantity as under-rated, ‘and to conceive that the 
lungs in their natural condition contain about 
280 cubic inches of air. | 


The experiments and obfervations which have _ 
been made to determine the quantity of air left 
in the lungs after a complete expiration, have 
been pretty fully detailed, and it appears, that 
notwithftanding the ingenuity and labour which — 
have been exercifed upon this point, it muft ftill 
be confidered as undetermined. Upon the whole, 
Dr. Goodwyn’s eftimate of 109 cubic inches is 
the neareft approximation to the truth, though, 
probably, not altogether corre@. 


From the above data it may be eftimated, that 

-by each ordinary expiration 7 part of the whole 
contents of the lungs is difcharged, and that by 
the moft violent expiration, fomewhat more than + 
of the air contained in them is evacuated, Sup- 
pofing that each refpiration occupies about 3 fe- 
-‘conds, (a) a bulk of air nearly equal to three 
times the whole contents of the lungs will be 
D2 expelled 


(a) Haller, viii,4, 29. Thomson's Chemistry, », iy. p. 486, 
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expelled ‘in'a minute, or about 4114 times their 
bulk in 24 hours. |The quantity of air refpired 
during the diurnal period, will be 11 52000: cubic 
inches, or 666% cubic feet. i 
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CHAP! IV,” 


ee into. ar cause of i first Inspiration, 
and of the Alternation of. dneaination and E:x~ 
: eT saath | 
IN viviparous animals refpiration commences 
immediately after birth, when the circulation 
which had been previoufly carried on between the 
mother and the foetus is interrupted. (a) The 
manner in which the commencement of this im- 
portant action is effected, and the change. which 
is then produced in the animal conftitution, fo 
as to render this function abfolutely neceflary for 
the continuance of exiftence, have been fre- 
quently made the fabject of inveftigation. ‘The 
latter of thefe inquiries is the foundation. of 
the celebrated problem which was propofed by 
Harvey for the confideration of his contemporaries. 
***Quomodo nempe embryo, *’ he afks, : poft 
“« feptimum menfem in utero matris perfeveret ? 
noone ike © cum 


(a) Note 19. ee 
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«* cum tamen eo tempore exclufus ftatim refpiret ; 
« imo vero fine refpiratione ne horulam quidem 
S fupereffe poffit ; in; utero autem manens ultra 
‘¢ nonum menfem, abfque refpirationis admini- 
< culo, vivus at fanus degat.” (a) This quef- 
tion may be ftated ftill more generally; why is 


the animal which has once refpired, under thé 
-neceffity of continuing the refpiration without 


Bes intermiffion Yy when, if the air had never, been 


fe 


vie 


into the lungs, the fame’ animal might 


ave remained for fome time without exercifing 
‘this funétion P 


paleo of the older phyfiologif's propofed an- 
ca to. this queftion, * but. they . were founded 
either. upon theories which are now univerfally 
difcarded, or upon miftaken. notions. refpecting 
the. ufe of refpiration. Dr. Whyte’s hypothefis 
is the firft which I fhall notice ; sit. 3S not. indeed ; 
free from, objeétions, but it deferves attention on 
account of the reputation. which it long. main- 
tained i in fome of. the. moft Aifingeies {chools 
of medicine. 


This. author commences hisi inquiry. / into. the 
eaufe of the. firs, infpiration, by, remarking, that 
before 


(a) Harvert Exerc, degen, anim. p. 3601. Haller, viii. 5, 1. 
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before birth, the blood of the mother, is. properly. 
prepared for the ufe of the foetus, but that when, 
the communication between them is. interrupted, 
it becomes neceflary for the young animal to per- 
form the requifite alteration in, its fluids, by means 
of its own refpiration,.. As the, uneaty, fenfations 
of hunger and thirft excite in us a defire of food, 

when it is wanted for the nourifhment of the 
bedy,. fo immediately after birth, from the want 
of freth air in the lungs, there. arifes an uneafy 
fenfation ahout the thorax, which may, be confi- 
dered as the appetite for. breathing. .. This appe- 
tite, he confiders as natural to ‘the newly born 
animal, and the, expanfion of the cavity of the 
thorax is effected by the fentient,'a¢tive principle, 
in order to prevent the fatal confequence which 
would enfue from. the’ deficiency \of air in, the 
lungs. Dr., Whyte proceeds to obferve, that this 
appetite for air commences only at birth, becaufe; 
in confequence of the ftruge gles of the foetus at. 
this period, its circulation will. be ‘confiderably 
quickened, and the lungs will receive a larger: 
fhare of blood: than previoufly  pafled through ) 
them ; this ftimulates them into action, and feems; 
to be the immediate canfe of the appetite for 
breathing. He. farther urges, that the ciroum- 
fiance of | the animal being’ now. ‘immerfed: in..a, 
medium which is proper for refpiration, and, 

having 


AQ 


having the air applied to the face, mouth, and 
nofirils, may caufe it to attempt this new action 
of the thorax: “Upon the whole he confiders: 
breathing “ as owing to a peculiar fenfation of 
‘the body, which determines the mind or fenti- 
“ent eanepe ‘tor put certain’ parities or organs 
“in i motion.” (Joke 


) With refped to the problem propofed. by 
Harvey, which was mentioned above, he obferves 
it © to be of fo very eafy folution, that it is not: 
‘a little furprizing, that many pay naliemals 
< writers fhould have attempted ‘it in vainJ 
When the foetus has once breathed; he remarks, 
that the blood which formerly paffed through the: 
foramen ovale & du@us arteriofus, now pafles: 
through the vefféls of the inflated lungs, and will 
ever after continue to flow through them. If, 
therefore, the refpiration be difcontinued, the 
blood will ftagnate’in thefe veffels, and the ani- 
mal will be fuffocated, becaufe, according to his 
hypothefis, the“alternate motion of the. lungs in 
refpiration, is abfolutely neceflary to carry on the 
circulation of the blood through them. (a) » 

/ Haller conceives that the foetus, having before” 
birth: been ithe habit of fwallowing a portion 

es ia Wh. ae i ‘ ‘bef 

(a) On Vital Motions, Sect, Q. 
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of the ‘fluid in which it is immerfed, after it 
leaves the uterus, continues to open its mouth for 
the reception of nutriment, when, a portion of 
the air with which it is now furrounded, is ne- 
ceflarily taken into the lungs. The veficles be- 
ing thus expanded, permit the blood to pafs 
through the pulmonary vefiels, which. was for- 
merly tranfmitted by the foramen ovale and 
_ duétus arteriofus...‘The lungs then acquire the 
condition of thofe of other breathing animals, 
and like them require a, regular fupply of freth 
air to prevent, the blood from. ftagnating in its 
paflage from the right to the left fide of the 
heart. waar | ss 


The a oa folution of this ce env is pro-~ 
pofed by the celebrated author of the Zoonomia. 
Dr: Darwin imagines that the power of degluti- 
tion is acquired by the foetus before it leaves the, 
uterus, in .confequence of its repeated attempts 
to {wallow a part of the liquor amnii, in which 
it is immerfed ; but the act of deglutition 1s, of 
fo different a nature from that of infpiration, that 
he thinks this latter cannot be acquired before 
birth., When. the circulation is interrupted be- 
tween the mother and the feetus, that difagreeable 
fenfation is experiences by the infant, which 

arifes 


(a) Note 20. 
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arifes'from the want of frefh air; all the mutcles 
of the: body are put! in motion. to relieve: this 
anxiety ; and among others, thofe of the breaft, 
ribs, and diaphragm: The action of thefe being: 
found to anfwer the defired’end, “ refpiration is 
“ difcovered,” atid: the: farne ation is ever after 
repeated when the difagréeable fenfation recurs. 
(a) It-will be unneceflary to enter into’a formal 
refutation of thefe theories; though they may’ be 
entitled to the praife of ingenuity, they are \evi- 
dently built’ upon the: affumption of principles — 
which. are at’ leaft’ doubtful, if nor untenable, 
The queftion concerning the commencement’ of 
refpiration is fo intimately connected with’ the 
ideas which we entertain refpecting its ufes, that 
we can fearcely expe a complete folution of ‘the 
difficulty until we have previoufly: afcertained the 
purpofes which this fun@ion ferves'in the animal 
economy, There are, however, fome’ peculia- 
rities in the firucture’ and mechanifm of the ref- 
piratory organs of the foetus, whicly it’ will be 
ponent to notice in this place. Te | 


gr 
The Leia of an animal which has never're- 
fpired, até of a firm and compat texture, and fo 
condénfed, as to have a fpecific gravity’ greater 
than that of water; whereas, no mechanical pref- 
, fure 
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(a) Zoonomia, v. i, Sect, 16, 4. 
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fure is found fufficient to evacuate them, fo-far) 
as tO, caufe them to fink, in water, after they have. 
been once inflated. (a), In this fiate the pulmo- 
nary arteries.and veins receive only 3 partiof the.’ 
quantity of blood: which circulates through them, | 
after they have been diftended. by the act of in- 
fpiration. (b))'The cavities.of the bronchia and 
air veficles, are nearly obliterated, and that part 
of, them; which. remains, pervious, is. filled: with a 
peculiar mucous fluid. (ce) As. the lungs are in 
all cafes contiguous to the parities of the thorax, 
itis obvious, that the fize of the cavity containing 
them, while in this condenfed ftate, mutt be.pro-' 
portionably contracted. . Accordingly we. find: - 
that the.arch of the. ribs. is depreffed, by which. 
means the fternum is, made.to.approach nearer to. 
the fpine,, the.diaphragm ‘is pufhed: up: into. the 
higher part of the cheft, and its,concavity:towards: 
the abdomen: is confiderably, greater than it-is. 
ever found.to be ‘in, an animal, whish: has ones: 
eee ¢ hu ii 


The- foie sonata es the iva Pepys: 
is ftill farther diminifhed by the great fize of the 
ian in the ue and ee the interpofition of the 

a: thymus 

(a) a HO Dan pu Pars 2a.p. 457. Petit, Mem, Acad, 

1733. (0b) Haller in Boer. Prel. t. it. p.172, « Fc) Petit, 
ght supra. (da) Senac, Mem, dcad. 1724, 
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thymus between the lamin of the mediaftinum. 
(a) © This contracted ftate of the thorax is in part 
alfo produced by the pofture of the foetus before 
birth ; the head is bent forwards, fo that the chin 
refts upon’ the breaft, ‘the fpine is arched, ‘and ' 
the knees are raifed | up to mect the face./b) : 
The abdominal vifcera are’ therefore puthed 
ftrongly againft the diaphragm, ‘and ‘fo: far in- 
creafe its curvature, that a confiderable’ portion 
of them is forced into the region of the thorax > 
the liver, which in the foetus is unufually bulky, » 
(c) is entirely concealed by the ribs. As: foon 
however as the animal leaves the uterus, its 
pofition is changed, the limbs and the trunk are” 
{traightened, and the preffure confequently re- 
moved from the thorax and abdomen ; the. elafti- : 
city of the cartilages of the’ ribs being at liberty ' 
to act, raifes the arch of the thorax, and’ thus 
encreafes the diftance between the fternum and’ ‘ 
the fpine; the liver and the reft of the abdominal 
vifcera fall down into their proper fituation, and 
permit the diaphragm to defcend and affume the 
curvature which is natural to it after birth. 

| While 


(a) Haller, xxix. 4, 33. do. in Boer, Prel. t, v. Pars 2a, 
p. 459. } 

(Lb) Harveii Ever. de gener, anim, p, 353. Denman’s Mid 
wifery, v. i. p. 293. | 

(c) Haller, ubi supra. 
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While thefe changes are going forward in the re- 
lative pofition of the contents’ of the thorax and 
abdomen, ‘the increafed fize of the former cavity 
caufes the air to ruth through the open mouth of 
the animal into the bronchial veficles.; whence 
the blood, meeting with lefs ‘refiftance to its paf- 
fage through the veffels of the lungs, than through 
the foramen ovale ‘is propelled’ along the® pul- 
monary artery. ‘The refpiratory organs are then 
in their natural condition, or in the ftate of mo- 
derate expiration, and the neceflity for an infpi- 
ration depends upon the fame caufe, which ren- 
ders the alternation of expiration and infpiration 
effential to the future exiftence of the sein 
It appears: therefore that the firft degree of 
expanfion which is produced i in the lungs of the 
~ fetus, is not’ effected by. mufcular contraction, 
‘but depends merely upon the removal of exter- 
nal preffure, which permits the different parts of 
the thorax and abdomen to affume their natural 
pofition ; the confequence of this new fituation 
of the vifcera’ is an encreafe of the capacity of 
the cheft, and this fpace is' immediately filled with 
a portion of the furrounding air. Any farther 
encreafe of the fize of the thorax muft be ef- 
fected by the contraction of the diaphragm and 
intercoftals ; perhaps in ftrict propriety this muf- 
, cular 
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cular contraction ought to be. confidered as, the 
firkt eens ab the eition: “aff elon 


| ‘Neatly. athitd to bhis velicatreni coneetining 
the commencement of refpiration, is a queftion 


' which has alfo been the. fubject of much difeuf- 


fion among phyfiologifts, viz. what is. the i imme- 
diate caufe of the fucceffive alternations ‘of in- 
ssi and wh iba ay" 


The folistions which have been aslenagiaa of this 
queftion, have been no lefs numerous than thofe 
refpecting the caufe of the firft infpiration, bat — 
as the fubject is in itfelf perhaps more obfcure, 
fo we fhall find the explanations which have 
been advanced, {till lefs fatisfactory. I fhall men- 
tion the opinions of Haller and Whytt, which 
are the leaft exceptionable, and are ftill received 
PY rage eteeosgis Mie a | 


lia: péetibiciies upon ithe: fait that 

in expiration the paflage of the blood through 
the lungs, is impeded, obferves, that a preffure 
upon the brain, and a’reflux of the blood through 
the veins, will be produced from this circum- 
ftianee. Hence arifes’a neceffity, for encreafing 
the capacity of the thorax, in order. to remove the 
eompreflion of the pulmonary yeffels, and in 
oe confequence: 


“ay 


confequence of a painful fenfe of anxiety or 
fuffocation, proceeding from a partial ftagnation 
of the blood; the will calls into aGtion’ the muf- 
cles of infpiration, which remove the impediment | 
to the tranfmiffion of blood through the lungs, 
and confequently the painful feeling which was 
caufed by the obftruction. The fame uneafy 
- fenfations are however produced by infpiration, 
when protracted beyond a certain period; the 
- mufcles therefore, which were ating to enlarge 
the thorax, ceafe to contract, their relaxation is 
followed by a ftate of expiration, which  conti- 
nues until the refiftance to the paffage of the 
blood recurs, and brings back the confequences 
ftated above. Haller confiders the a@ion of the 
mufcles of refpiration as altogether voluntary. (a) 


Dr. Whytt offered an explanation in many 
refpects fimilar to that’ propofed by Haller. | He 
conceives, that the paflage of the blood through 
the pulmonary veflels, is impeded by expiration, 
and that a fenfe of anxiety is produced from 
this caufe ; this unpleafant feeling acts as a fti- 
mulus upon the nerves of the lungs, and excites 
_the energy of the fentient principle, which by 
eaufing a contraction of the diaphragm, enlarges 

the 


(a) El, Phys. Viil. 4. ‘18, 274° 28. Sais ad Boer. Prelect. 
t. v. p. 120. 
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the thorax, affords a free paffage to the blood, : 
and thus removes the uneafy fenfation ;, when the 
fitimulus: no, kspciip exiting, the Miele ceale 


to act. ea 


The wneQiit under seal derbies embraces 
two diftinct fubjeGts of inquiry ; we have in the 
firft place to afcertain the caufe of. the neceflity 
for the admiffion of frefh air into the lungs, and 
fecondly, we have to inveftigate the connexion 
which fubfifts between this caufe and the con- 
traction of the diaphragm. The firft of thefe 
is fo intimately conne@ted with the opinions 
which we may adopt refpecting the ufe of refpi- 
ration, that the farther examination of it muft 
be neceflarily poftponed to a fubfequent part of 
the effay. I fhall therefore conclude this chap- 
ter, with a few obfervations upon the latter part 
of the inquiry, viz. the nature of the connexion 
which fubfifts between the peculiar ftate of the 
lungs produced by an interruption to the refpira- 
tion, and the contraction of the diaphragm. 


As the alternate motion of the thorax in 
refpiration, proceeds without interruption in all 
the different conditions of the body, it is impro- 
iy in. premieres to affign a caufe for it, to 

have 


(a) Whytt on Vital Motions, sect, &. 
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have recourfe to any effects which are produced” 
only in Mpa nell circumftances ; we cannot 
therefore eftablith our hypothefis, upon a ftate of » 
the lungs” which takes: place only in long conti- 
nued or laborious refpiration. On this account 
the firft pofition in the hypothefes of Haller and 
Whytt. is inadmiffible, fince it fappofes the ex- 
iftence of a peculiar ftate of the _ pulmonary cir- 
culation, which does not. appear to take place, 
unlefs where the mutcles of refpiration have been 
acting in the moft violent manner. It may be 
doubted, whether in ordinary - cafes an uneafy 
‘feeling of fuffocation actually Occurs, as we are 
only fenfi ble of this effect, when the lungs are 
compreffed or. diftended in an unufual degree, 
or when the air has been too long retained in 
them without alteration. Admitting however the 
exiftence of this uneafy feeling, and affuming 
it as the efficient caufe of the fucceeding enlarge- 
_ ment of the thorax, we {hall hereafter endeayour 
to aflign a more. probable caufe for it. than the 
ftagnation of the blood in the lungs. } 


One. of the SU ah sibel in an iHefaecial 
manner, diftinguithes the living body from every 
other. kind of Matter, is its irritability, or the 
power which certain parts of it poflefs of contract 
ing themfelves under peculiar circumftances. 


ED | This 
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This power ‘fefides 1 in thé witifeuf fibres, and is 
never exertéd utilefs when Called into action by-the 
application of a flimulus. Stimuli are external or 
internal ; inider the firft denomination are com- 
prehended a great variety of bodies which have 
fearcely any property in common, except their 
effet © ‘upon | the mufculat fibre, The internal 
Rimuli confilt of affections originating in the 
nervous fyftem, ‘of the paffions and emotions of 
the mind, and in a remarkable manner of thé 
exertions he volition. The motions which refult 
from thefe contraétions have been varioufly ar- 
ranged, either according to the caufe producing 
them, “On to the purpofes ‘which they ferve in 
the ‘ailinial economy. One of the moft com- 
mon, and 3 at the fame time, one oft the Thott im- 


edu ha 


dudtion. i here are a very, confiderable fumber 
of animal motions, which are. intermediate be- 
tween the two extremes : ; thefe are to a certain 
extent produced by the application of external 
flimull, and ‘confequently independent of voli- 
tion ; _yet within certain limits we have it in our 
power to encreafe’ or reftrain them. Animal mo- 
tions which are produced by external ftimuli, are 
ditinguithed from each other, according to the 

manner 
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manner in which the ftimulus is applied ; in gé- 
neral the motion ig excited in the part upon 
which the ftitnulas imihediately ads, while in 
_ other inftancés, the ftimulus is applied to a part 
which has littlé apparent connexion with that in 
which the motion is ultimately produced. Al- 
moft all the voluntary ‘adtions are of this complex 
defeription, and foie of thofe alfo which are 
produced by the agency of external ftimuli, 


There is a’ Glafs of motions of very peculiar 
importance in thé animal ceconomy, which have 
obtained the namé of inftin@ive actions; they 
feem to origifiate primarily from the operation 
of external ‘ftimuli; but’ the effet is generally 
produced in a’ part different from that to which 
thé flimulus’ was “applied.” In the firft inftance 
they appear to be totally independent of voli- 
_ tion, though; after they Have fubfifted for foie 
time, the will acquires the power of modify- 
ing their extent and duration. The procefs of 
deglatition, the motion “of the éye ‘lids, and the 
evacuation of the inteftinal canal, may be adduced 
as inftances of this fpeciés’ of ‘animal aGion. 
Here, the animal inimediately after birth, pro- 
duces dn effe@ depéading’ upon the co-operation 
of'a complicated fyftem of mufeular contractions ; 
the efficient caufe, appears to be a ftimulating 
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body applied to a part often gern! connected 
with the mufcles which are excited into action, 
where the animal, - muft of neceflity, be entirely 
- ignorant of. the propofed effects, and perhaps 
nee confcious of their exiftence. (a) 


To pai thefe obfervations to the action of 
the thorax : it appears, that when the blood has, 
remained for fome time in the pulmonary ' veflels, 
without the accefs of frefh air, it undergoes a 
change, either in its compofition or its diftribu- 
tion, which caufes it to act asa ftimulus to the’ 
diaphragm, and excites this mufcle to contract. 
The connexion between this change in the ftate 
of the blood, and the contraction of the dia-, 
phragm, we. are unable to explain, and we can) 
only recognize it from its effects ; whether it be 
produced by an alteration in the chemical pro-: 
-perties of the blood, or whether it depend upon 
an accumulation or deficiency of it in any part of 
the thorax, whether the action be direly upon 
the diaphragm or its nerves, or whether it be 
brought about by the intervention of any neigh- 
_ bouring organ, are queftions | which the prefent. 
ftate of our knowledge will not permit us to an- 
fwer. But in whatever manner the contraétion. 
of 


@ Note 21. 
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of the diaphragm be produced, the confequent 
enlargement of the thorax admits the accefs of 
air into the ‘pulmonary veficles ; the blood is 
thus enabled to undergo the neceffary change, 
and the ftate which caufed the contraction of the 
diaphragm no longer exifting, this mufcle. be- 
comes relaxed, and expiration enfues. If the 
‘juftice of thefe remarks be admitted, we may di- 
vide refpiration into three diftinA fpecies, each of 
which originates from a different principle of 
action. What has been juft defcribed, which 
may be confidered as the ordinary procefs of re- 
{piration, is the firft fpecies: in this the effea 
feems to depend upon the action of a ftimulus 
applied to an irritable part. When, however, 
from any accidental or morbid caufe, the regular 
train of actions is interrupted or impeded, fo as 
_ to prevent the blood from undergoing the necef- 
fary change in its compofition, an uneafy fenfa- 
tion arifes, and we are urged by an inftinctive 
feeling to encreafe the contraction of the inter- 
_coftals and diaphragm, and to employ the ex- 
ternal mufcles of the thorax. Thefe motions, 
| which produce the fecond {pecies of refpiration, 
~ muft however, be ftill confidered as independent 
of volition, becaufe they take place to the fulleft 
extent in thofe cafes where we cannot fuppofe the 
powers of the will to be exercifed either directly, 

or 
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‘or by the intervention of affociation. |. As how- 
ever we gradually advance in life, we acquire a 
degree of voluntary. power over the mufcles 
which are fubfervient to refpiration, and can fo 
far counteract the irritative, or inftinétive mo- 
tions, as very confiderabl y to accelerate or retard 
their action. . In. this manner is produced the 
third fpecies of refpiration, or that which depends 
upon the exercife of volition. (a) 


(a) Note 22. 
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PART IT. 
THE DIRECT EFFECTS OF RESPIRATION. — 


THE direct effects of respiration may be conveniently arranged 
under three divisions; the mechanical effects produced by 
the dilatation and contraction of the thorax; the change 
produced in the inspired air ; and the alteration which the 

blood experiences during its passage through the capillaries 
of the lungs. 


CHAP, I. 


The Mechanical Effects produced by the Dilata- 
tion and Contraction of the Thorax. 


THE procefs by which the cavity of the thorax 
is alternately dilated and contracted, and a por- 
tion of the air of the atmofphere received into 
and emitted from the bronchial veffels of the 
lungs, has been already defcribed. I propofe in 
the prefent chapter to examine what effets will 
‘be produced upon the contiguous parts, by the 
perpetual change’of bulk which the thorax ex- 
periences. The older phyfiologifis, whofe know- 
ledge refpecting the function of refpiration, was 

| - for 
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for the moft part, very limited, and who were en- 
tirely ignorant of the nature of the chemical 
changes produced upon the air and the blood, 
were led to direét their attention more particu- 
larly to its mechanical effects. The queftion, 
whether the blood was tranfmitted through the | 
lungs with more eafe during the ftate of infpira- 
tion or of expiration, was minutely difcuffed, and 
a number of experiments were performed to de- 
cide upon this point ; but they will be found to 
apply rather to what takes place in extreme cafes, 
than to the ordinary procefs of refpiration. When 
attempts have been made to refolve this queftion 
by a direct experiment upon a living animal, the 
lofs of blood, the pain which was necefflarily in- 
flifted, and more particularly the agitation into 
which the organs of refpiration were thrown, 
render the refults of comparatively little value, 
_ fo far as they relate to the ordinary action of the 
thorax ; though we certainly learn from them, that 
the blood is tranfmitted through the lungs with 
more facility in the extreme ftates of infpiration 
than of expiration. In an experiment performed 
by Dr. Hales, where a tube was inferted into the 
crural artery of a horfe, the blood was evidently 
propelled to a greater height when. the animal 
fighed deeply, which muft be attributed to the 
-encreafed capacity of the lungs, permitting the 

blood 
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blood to pafs more freely! through the pulmonary 
-veffels. (a) But though from this experiment, 
and others of a fimilar nature related by Haller, 
it feems proved, that in thefe extraordinary cafes, 
the paflage of the blood through the. lungs is af- 
fected by their ftate of diftention, we muft not 
conclude that this effect is produced in the ufual 
alternations of refpiration. There are indeed 
ftrong reafons in fupport of the contrary opinion. 
In the healthy itate of the body we refpire about 
twenty times in a minute, while the average velo- 
city of the pulfe is about eighty, fo that the 
heart contracts four times during one act of refpi- 
ration, (b) and confequently it muft receive its 
fupply of blood from the lungs in all the different 
conditions of diftention to which they are fubject, 
yet we do not find that the pulfe is affected, either 
with refpect to its firength or its velocity. (c) It 
is difficult to produce any effect upon the pulfe 
by the moft powerful voluntary efforts of infpira- 
tion or of expiration, yet in thefe cafes, the cavity 
of the thorax certainly undergoes a much greater 
_ change in its dimenfions, than that which it expe- 
riences in its ordinary action. 


The contrary doctrine was however, main- 
tained 


(a) Statical Essays, v. ii. p.6. (0) Haller, viii. 4.29. 
Boer. Prel, t. v. p.128. (c) Note 23. 
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tained by Haller; he Hashatea) that during ex- 
piration, the bronchia are, to a certain degree, 
plaited or folded up, but that when the lungs 


are inflated, thefe folds are opened, and_ the 


blood veffels rendered more eafily permeable. (a) 
This opinion, which was generally adopted by 


" Haller’s contemporaries, (b) and by many of them 


exaggerated in a moft extravagant degree, (c) 
feems to have arifen from the following circum- 
fiances. 1. They greatly over-rated the change 
of bulk which the thorax experiences in the 
different ftages of refpiration. If we average the 
contents of the thorax at 280 cubic inches, and 
the bulk of a fingle infpiration at 40, we shall 
have its cavity encreafed or diminifhed by 7 part 
only ; whereas the older phyfiologifts conceived, 
that by every act. of infpiration, the cavity of 
the cheft was doubled, quadrupled, or increafed 
in even a fiill greater proportion. /d) 2. In the 


experiments and obfervations which were made 


upon the dead body, they confidered only the 


effeéts which are produced by a complete evacna- 


tion of the lungs, and then applied thefe to ex- 
plain the effects of ordinary refpiration. (e) 3. 
Haller and his friends appear to have been mifled 
: . by 
(a) El. Phys. vi. 4.103 viii, 4. 113 viii. 5. 21. & 
alili; note ad Boer. Prelect. t.ii.p. 176. (bh) Note 24. 
(c) Bell's Anatomy, v. ii. p. 188. &9 seg. (d) Haller, viii. 
4°02" (e) Note 24. \% a 
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by, the experiments which they performed. upon 
living animals ; they perceived that. the tranf- 
miffion of blood through the lungs was influenced 
by their different ftates of diftention, but they 
neglected to make the due allowance for the 
unnatural fituations i in which the fubjects of thefe 
experiments muft neceflarily have been placed. 
Dr. Goodwyn, in order to controyert this opinion 
refpecting the ftate of the lungs after expiration, 
produced an artificial hydrothorax in dogs, by 
introducing a quantity of water between the 
pleure. He found in feveral inftances, when he 
had filled nearly } of the cavity of the thorax, 
that the pafiage of the blood was not apparently 
retarded, though the refpiration was rendered 
laborious. (a) Upon the whole I think there is 
reafon to. conclude, that in the ufual a& of ref- 
piration, the blood is tranfmitted through the 
lungs at all times with nearly equal facility, and 
that it is only in extreme cafes that the retarda- : 
tion defcribed by Haller can be fuppofed to take 
place. (6) If any confiderable impediment had 
been oppofed to the entrance of the blood into 
the pulmonary veffels during the ftate of expira- 
tion, it muft neceffarily have produced upon the 
pulfe a correfponding effet, which would have 


been perceptible to the touch. (c) 
This 


(a) Goodwyn, p, 45. Note 26, (b) Note 27. (c) Note 28. 
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This doétrine of the older phyfiologifts re- 
fpeting the tranfmiffion of the blood through the 
lungs, gave rife to an opinion, which was almoft 
univerfally adopted by them, that the motion of 
the thorax in refpiration was an important agent 
in promoting the circulation of the blood. This 
hypothefis will be confidered more fully, when 
we come to treat of the ufes of refpiration; I 
‘fhall in this place only remark, that the fame con- 
fiderations which lead us to conclude that the 
lungs are nearly alike permeable to the paflage 
of the blood in all the ftages of ordinary refpi- 
‘ration, muft prove that their motion can have 
little or no effect’ in pOCRICHR TS Its progrets 
through their hae 


The aan paffes through the mufcular 
portion of the diaphragm, and is fo interlaced by 
the crofling of its fibres, that it feems as if the 
tube muft neceffarily be compreffed by their con- 
traction.’(a) Hence it has been fuppofed, that 
during infpiration the paffage to the ftomach 
will be contracted or entirely obftructed ; but 
here, as in the former cafe, it is doubtful whe- 
ther this effeét be produced, except in the more 
violent efforts of infpiration. 

‘ - Some 


(a) Haller, viii. 1. 36. xviii. 4. 9. Senac, Mem. Acad. 
1729. Winslow's Anat. Sect, 3. tes, 13, Bell's Anat, v.i, 
p. 326. 
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Some of the older phyfiologifts imagined. 
that important effects would refult from the ac- 
tion of the diaphragm, upon the aorta and vena 
cava. The aorta, however, defcends into the 
abdomen, between what are called the crura of 
the diaphragm, and feems to be fo well protected 
by the arching of thefe mufcular appendages, as 
to be altogether defended from the effe@s of 
compreffion. (a) There feems fiill lefs probability _ 
of firangulation being produced i in the vena cava, 
as it not only pierces the diaphragm i in its tendi- 
nous part, . but pafies through a large opening, 
the edges of which are furnifhed with a peculiar 
fir ucture, which would ,feem to prevent any alter- 
ation in its ‘thape | or dimenfions. (b) Yet not-. 
withftanding this firudture, Haller obferved in. 
the courfe of his experiments, that certain pofi- 
tions of the diaphragm fo far comprefled the vena 
cava, as to impede the paflage of the blood. (c) 
But we may conjecture that. this effea was pro- 
duced by the unnatural circum ftances in which 
the animal was placed during. the experiment ; we. 
may alfo attribute fomething to the. difficulty | of 
thaking accurate obfervations upon. animals fuffer- 

a ADE 

a ) hed 2 &> Bell, ubi supra. 


(b) Winslow, Senac, &§ Bell, uli supra. 
- ce) Haller, ¥i. 4.103 viii. 1,36; vill. 5. 23. 
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ing extreme torture, and convulfed by. the near ° 
approach of death. , 


‘The older anatomifis afcribed very HE ee 
effects to the fucceffive compreffion and relaxa- 
tion of the nerves which pafs through the dia- | 

phragm, or along its farface. The alternate mo- 
tions of the thorax, and even of the heart itfelf, 
were afcribed to this circumftance, but later 
obfervations have proved that'it was inadequate to 
the propofed effe&, and have alfo pointed out 
caufes, which are more agreeable to the analogy 
of the animal ceconomy. The par vagum, and 
great fympathetic nerves, both pafs through the 
fmaller mutcle of the diaphragm, (a) ie ff it has 
been conjectured, that by the alternate contrac- 
tions and relaxations of this organ, they are 
comprefled at regular intervals, and thus the 
tranfmiffion of the nervous energy is interrupted, 
fo as to produce the vermicular motions of the 
-ftomach and inteftines. I have already’ noticed 
the hypothefis of Dr. Martine, who conceived, that 
the compreffion of the phrenic nerve by the lungs, 3 
when in a ftate of infpiration, was fufficient to 
account for the fucceeding telaxation of the dia- 

paragm, 

(a) Haller, viii. 1. 35, & seq. Winslow's Anat; Sect. 

6, 137, 400. 
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_ phragm, and cbufequent «tise of air from the» 
thorax, ; | ' 


The alfernate enlarg ement and contraction of 
the bulk of the thorax, in confequence of the 
change in the diaphragin, mutt neceflarily pro- 
dtice a correfponding change in the pofition of 
all the abdominal vifcera. The agitation and 
preffure which they will from this Mut! experi- 
ence, has been generally fuppofed to be infiru- 
mental in propelling the blood along their veins ; 
(a) but this effect, if it exift at all, has, been 
much over rated. “Frotit the experiments: of Dr. 
‘Menzies, in which. the body was immerfed in 
water for the purpofe of afcertaining the quantity 
of air employed in a fingle infpiration, it Was 
found that the increafe of bulk which the body 
experiences, is exadtly y equal to the volume of the 
air received by the lungs. (2) ‘Hence we mutt 
concliide, that the cavity of the abdomen is at all 
periods of the act of refpiration of an equal ca- 
_ pacity, the encreaie of bulk which the abdomen 
would acquire, in confequence of the relaxation 
of its anterior mufcles, being exactly balanced by 
the contraction of aes diaphragm, and confe- 


mutt 


(a) Haller, viii. 5.23. (1) Menzies, p. 24, & seg. 
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_ muft be altogether, or nearly fimilar in all the 
different conditions of the thorax. But a uni- ° 
form preflure upon the veffels can have no effec 
in accelerating the flow of the blood; the veins 
are in this cafe reduced to the ftate of rigid tubes, 
| and their contents can only be propelled by the 
momentum which they poffeffed previous to their 
arrival at this part of the circulation. An en- 
creafe of preflure under thefe circumftances, 
muft rather retard than promote the flow of the 
blood. 


This view of the fubjeét is countenanced by 
the deficiency of valves in thefe veffels, a circum- 
ftance in which the veins of the abdominal vif- 
cera differ from thofe of moft other parts of the 
body. (a) The vefiléls which lie near the fur- , 
face, or contiguous to the great mufcles, and 
which confequently are at all times peculiarly ex- 
pofed to the effects of irregular preflure, are 
plentifully furnifhed ‘with femilunar valves. 
When, therefore, by an extraneous caufe, the 
capacity of any part of a vein is diminifhed, the 
blood which it contained muft neceflarily be dri- 
ven forward towards the heart, and upon the re- 
moval of the comprettion, the veffel regaining its 

natural 


(a) Haller, ii, 2. 18, 21. 
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natural capacity will afford a more eafy admiffion 
to-the fucceeding column of blood. But the ac- 
celeration which is produced in this cafe, depends 
entirely upon the prefence of the valves ; when, 
therefore, we find a fyftem of venous veffels in 
which they are wanting, we may infer that the 
veins in queftion are not much expofed to the 
effects of preflure, and that when preflure is ap- 
plied, it will not accelerate the motion of the 
fluids which they contain. (a) 


Haller infifts firongly upon the effe&s which 
are produced in the liver by the contraction of 
the diaphragm. He conceives that it is a prin- 
cipal agent in propelling the blood along the he- ; 
patic veins, and more particularly in preffing the 
bile out of the gall bladder: he fuppofes that 
this organ is not furnithed with any mufcular 
fibres, and that confequently its contents can 
only be evacuated by external preffure. There 
feems every reafon to conclude that the effe@s 
which he defcribes. will be produced in the more 
violent and fudden motions of the diaphragm, 
particularly thofe which occur in the a@ of vo- 
miting. (b) : 

| F The 

(a) Hatler, iii. 2,3; & viii. 5. 23. Bell’s Dissections, ~ 
4 Lp, 48, (b) Haller, viii, 5.23, & xxiii, 3, 29. 
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-. "The alternate ation of the thorax is alfo fup- 
pofed ‘to exercife a confiderable degree of com- 
‘prefiion upon the lacteals, and confequently to 
ptomote the flow of the chyle. (a) “The remarks 
made above with regard to the effect of the dia- 
‘phragm upon’ the veins of the abdominal vifcera, 
‘apply to the prefent cafe, fo far as -refpects the 
“uniformity of the preffure in the ordinary act of 
‘refpiration. Bat the laéteals differ from the 
veins of the vifcera ‘in being furnithed with nu- 
merous valves, (b) it is therefore probable that the 
‘chyle will be propelled towards the thoracic duct, 
in the more violent aGion either of the dia- 
phragm, or the mufcles of the abdomen, and ftill 
‘more in thofe voluntary exertions where both 
‘thefe parts are ftrongly contracted at the fame 
‘time. But it is only in the more unufual ftate of 
“the refpiratory organs, that this effe& is produced ; 
‘in ordinary cafes it is probable, that the pro- 
greflive motion of the chyle is effected folely by 
the mufcular ation of the’ veflels themfelves. 
The thoracic du& ‘foon after its commencement, 
lies under what are ‘called the crura of. the dia- 
-phragm, and it is fuppofed by Haller, that the 
paflage of the chyle along the duct is materially 
promoted by the contraction of this part. (¢) But 

it 

(a) Senac, Mem. Acad. 1724. . (lL) Note 29. 
(c) Haller, xxv. 2. 6, 
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it is _probable that in this, as in the. former i in- 
fiance, it, 1s) only i in the. more violent. exercife of 
the refpiratory, organs that any effect, can: be pro- 
duced upon the. motion, of. the chyle, and. that i in 
ordinary, eircumftances, the: mufcularity.,of the 
_veffel is adequate to the propulfion of ‘its .con- 
tents. As a decifive argument in favour of this 
opinion, it has been obferved, that the chyle has 
ftill continued its progreffive motion along the 
thoracic duct after the thorax has been laid Open, 
and confequently the effect of external preflure 
entirely removed. (a) 


From the above remarks, we are led to con- 
clude, that the effe(ls produced by the dilatation 
and contraction of the thorax, which takes place 
in ordinary ref{piration, are much lefs confiderable 
than was conceived by the older phyfiologifts. 
In the experiments which they performed upon 
living animals, they neglected to make a due 
allowance for the unnatural fituation in which 
the fubjects were neceffarily placed, and in thofe 
which they made upon the body after death, 
they proceeded upon the fuppofition, that the 
moft complete change in the capacity of the 
thorax, of which it is capable, was in all in- 

a : F 2 ftances 


(a) Senac, Mem, Acad. 1729. Cruickshanks on the 
Absorb. p. 169, 
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ftances produced. The experiments, therefore, 
exhibit the effects arifing from a dilatation and 
contraction of the thorax, which can take place 
in the moft extreme cafes only, and the conclu- 
- fions are confequently inapplicable to the pheno- 

mena ge ordinary Peapiration, si 
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rei a shoe is produced by peiMiralion 
upon the air received into the lungs, could 
fearcely efcape the notice of the moft curfory 
obfervers of the operations of the animal ceco- 
nomy. The ancients were not unacquainted with 
this circumftance, but the firft accurate notions 
which we obtained refpecting it, were deduced 
from the experiments of Boyle. This philofo- 
pher, who fo fuccefsfully advanced the theory 
‘and practice of the various branches of experi- 
mental fcience, was peculiarly fortunate in his 
tefearches into the nature and properties of the 
atmofphere. He not only proved by means of 
the newly invented machine, the air-pump, the 
abfolute neceffity of air to the fupport of animal 
life, but he farther, difcovered, that the ation ot 


the 
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the lungs is quickly fufpended, unlefs they are 
furnifhed with a regular fupply of freth air. 
From this fact it was naturally concluded, that 
the air had undergone fome important change 
during its continuance in the pulmonary veficles, 
and a variety of hypothefes and conjectures 
were formed to account for this alteration. The — 
knowledge which was then obtained refpecting | 
the air was, however, almoft entirely confined to 
its mechanical properties, fo that the theories of 
refpiration formed dtiring this period, were ne- 
ceffarily crude and imperfect. Boyle perceived 
that the air in paffing through the lungs became 
loaded with a quantity of aqueous vapour, and he 
farther fuppofed, that it acquired what he calls 
recrementitious fteams; (a) but refpecting the 
nature of thefe fteams he forms no conjecture. 
He obferved alfo, that the air in which an ani- 
mal had refpired for fome time, was confiderably 
diminifhed in volume, an effe&t which he attri- 
buted to the lofs of part of its elafticity or {pring. 
The contemporaries of Boyle, for the moft part, — 
coincided with him, in his ideas refpecting refpi- 
ration; there were, however, fome philofophers 
who fuppofed, that befides the addition of thefe 
vapours, the air, during its coritinuance in the 
lungs, 
(a) Boyle's Works, vol. i. p. 99, SF 'seq.; vol. iii, —p. 
371, & seq. 
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lungs, imparted fomething to the blood... Among 
thefe, the firft in point of genius and. origi; 
nality was Mayow of Oxford. He. inveftigated 
the properties of the air, and the effects pro- 
duced upon it by refpiration, with great acute: 
nefs, and concluded, that a peculiar volatile fpirit, 
which was one of the conftituents of the atmof- 
phere, was abforbed by the’ blood during its 
paflage through the lungs. Borelli, ( a) Lower, 
(b). Willis, (c) and others, adopted opinions in 
many refpects fimilar to that of Mayow; they 
imagined, that either a portion of the whole 
mafs of air, or fome particular conftituent of it, 
was abforbed by the blood, and by this means 
converted this fluid from the venous to the arte- 
rial ftate. But fo little real knowledge was at 
this time poffefied refpecting the compofition of 
the atmofphere, that they entirely failed in their 
attempts to afcertain the nature of the matter 
abforbed, and their hypothefes appeared fo ex- 
travagant, and fo little founded upon, truth, that 
their doctrines fell into difcredit, became neglect- 
_ed, and at length were totally forgotten. (d) | 


Dr. Hales devoted much of his attention to 
this fubjeCl, and performed many experiments 
_ with 


~ 


(a) De Motu Anim. p. 2a. prop.113. (b) De Corde, , 
159—165. (c) Willis, pharm. Rat, p. ii. p. 34. (d) Note 30. 
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with a view to illuftrate the manner in which 
the air is affected by the lungs; he concludes 
nearly as Boyle had done, that it acquires a noxi- 
ous vapour, and that its elafticity is diminifhed.(a) 
- The learned Boerhaave confeffes his inability 
to explain the change which the air experiences 
by refpiration, (Lb) The opinion of) Haller was 
not materially different from that of Boyle and 
“Hales ; he has colle@ed all the different’ theories 
which have been advanced upon this fubjecét, and 
after reviewing them with his accuftomed can- 
dour and perfpicuity, he concludes that the 
air, when it is emitted from the pulmonary vefi- | 
cles, is combined with a quantity of water, and 
a peculiar noxious vapour, and has its. elafticity 
diminifhed. (c) Such was the imperfect ftate of. 
our knowledge, when Haller wrote his Elements 
of Phyfiology ! This noble monument of indufiry 
and genius was fcarcely publifhed, when Dr. 
Black commenced his ‘experiments upon fixed 
air, and» among. other interefting difcoveries, 
{atisfatorily proved, that this peculiar gafeous 
fubftance. is generated in the lungs during refpi- 
ration. (d) - Shortly after this period, the bril- 
liant difcoveries of Scheele and Priefitley made 

| us 


a ) Statical Essays, passim. (b) Prelect, t. v. p. 169. 
— «&& seq. (c) Note ad Boer. Pretect. t. v. p. 170. 
El, Phys. viii. 3.11 ; viii. 5, 19, 20. (d) Note 31. 
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us acquainted with the nature and compofition 
of the atmofphere, and by this means effected a 
revolution in chemiftry, and in all the branches 
of natural philofophy conneéted with this {ci- 
ence. The atmofphere, which until this period 
had been regarded as an homogeneous, elemen- 
tary body, was difcovered by thefe celebrated 
experimenters, to be compounded of two aeri- 
form fluids, poffeffing diftinct properties, and 
ferving totally different purpofes in the cecono- 
my of nature. Thefe fubftances, which have 
fince obtained the names of the oxygenous and — 
the azotic’ gaffes, were found to exift in the at- 
- mofphere, in the conftant proportion of about 
22 to 78, (a) but after an animal had breathed 
for any length of time in the fame quantity of 
air, the oxygenous part appeared to be confider- 
ably. diminifhed. Dr. Priefiley’ repeated thefe 
experiments under a variety of circumftances, 
and imagihed, that in thefe cafes the air had 
undergone the fame change in its properties, 
which it experiences from combuftion, fermen- 
tation, the calcination of metals, or other ope- 
rations by which the air is deprived of part of 
its oxygene, which, in confequence of his pecu- 
liar theory, he ftiles phlogiftic proceffes. ‘The 
ba change 


(a) Note 32, 
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change produced in the air by pafling through 
the lungs, according to this philofopher, .con- 
fifted in the removal of part of the oxygene, and 
in the addition of aebatee and a aise of 
aepleaps ee ii | 


-Aboixt a\ year after the daihlination of Dr. 
Prieftley’s experiments, a memoir on refpiration 
appeared from the pen of the celebrated M. La- 
voifier. (6) After paying a tribute of refpect, to 
the genius of Dr. Priefiley, he proceeds to an 
accurate examination of his experiments, and the 
conclufions which were deduced from them. He 
agrees with the Doctor in fuppofing, that the 
proportion of oxygene is diminifhed in air which 
has been refpired, but upon a careful analyfis 
of the refidue, he finds it to differ fromthe air 
left after the calcination of metals, which is 
merely azotic gas, in containing a quantity of 
carbonic acid. He alfo obferved, that the bulk 
of the air was fomewhat diminifhed, and we 
learn in general: from thefe experiments, that the 
changes produced in air by refpiration, confit 
in the removal of part of the oxygene, \in the.ad- 
dition of a quantity of carbonic acid gas, and in 
the diminution of its volume. He fuppofes that 

the 


(a) Phil. Trans. 1776; Observ. on Air, v. iii. b. 9. 
(b) Mem. Acad, 1777. 
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the azote is not affected by the procefs, and that 
it ferves merely to dilute the Pa BAP OH part. of 
the siiaids il (a) 


In hie paper M. Lavoifier Sook not mention 
the aqueous vapour which is fo evidently difcharged 
from the lungs by refpiration;. it is impoffible 
that it could have been overlooked by fo accurate 
an obferver ; we may therefore conjecture, that he 
omitted to mention it, becaufe at this period he 
confidered it as only diffufed through the air ex- 
pired from the lungs, by the procefs of evapora- 
tion, and not formed in confequence of the PPS 
ration of any chemical affinities. 


aa finn. a this philofopher refpecting 
the changes produced by refpiration upon the air 
taken into the lungs, are for the moft part 
acquiefced in by the modern phyfiologifts, and 
the refearches which have been fince made upon 
this fubjet. are principally directed, either to af- 
certain with more precifion the proportion of the 
refpective ingredients in the air of expiration, or 
to frame hypothefes to account for the operation 
of the lungs in effecting thefe changes. 


I thall 


(a) Note 33. 
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I fhall defer my remarks upon the theory of 
refpiration, until I have confidered the'alteration 
which is effected in the blood, by its paflage 
through the lungs; in the remainder of this 
chapter I fhall examine the experiments that have 
been made with a view to afcertain with more 
precifion: the amount of the yi om produced 
he pe the a air. Nh 


When an animal has expired in a quantity of. 
atmofpheric air, in confequence of its being no 
longer fit for refpiration, it is found that the 
‘whole of the oxygene is not removed from it,(a) 
and it appears, that independently of their bulk, 
different animals poffefs this power of abftracting 
oxygene in a greater or lefs degree. It is not eafy 
to deduce any general conclufions from ‘experi- 
ments of this kind, as there are feveral incidental 
‘circumftances, by which the death’ of the animal 
‘appears to be accelerated or retarded, but upon 
the whole, we are warranted ‘to conclude from 
‘them, | that the animals whofe temperature is the 
‘highest, are'the leaft able to exift in air wanting 
‘its due. proportion of oxygene. Accordingly birds, 
who poflefs ‘a temperature of about 104°, have 
been found to expire when two-thirds of the 
neh | oxygene 


_ fa) Note 34, 


70) 


oxygene is removed; a guinea-pig and a moufe, 
whofe temperature is about 98°, can confume 
about three-fourths, while frogs are capable of 
living until nearly the whole of the oxygene is 
confumed. (a) It muft however be obferved, 

that when animals die in confequence of the want 
of freth air, their death is not fo much to be at-. 
tributed’ to the deficiency of the oxygene, as to 
the prefence of the carbonic acid, which when it 
exifts in any confiderable quantity, exercifes upon 
the body a highly noxious influence. It is there- 
fore neceflary to guard againft its effects by pre- 
fenting to the air a fubftance which has the pro- 
perty of abforbing it as rapidly as it is produced. 

When thefe precautions were employed, Lavoifier 
found, that a guinea-pig could live without in- 
convenience in air which contained only one- 
fifteenth part of its bulk of oxygene, and when 
the proportion was ftill farther diminifhed, the 
only apparent effect produced, was a degree of 
drowfinefs in the animal./4) As the temperature 
of a guinea-pig is nearly that of a man, it 1s pro- 
bable that human life might be fupported with air 

is the in e compofition. 


Another 
(a) Higgins’s Minutes of a Society, tc. p. 158. Chap- 


tal’s Chemistry, v.i. p, 127. 
bay Acad, 1789. p. 574 
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Another queftion. refpeGing the confumption 
of oxygene, of a more interefting nature, but of 
more difficult inyeftigation, is the abfolute quan- 
tity of this gas confumed, by refpiration i in a given 
ume... The firft. calculations which were made 
upon. this fubject, in confequence. of the imper- 
fect nature of the apparatus employed, and of 
the want of a fufficient dexterity, in the. manage- 
vague and pacer The asaalaa was ater 
encreafed by a circumftance firft noticed by. Dr. 
Crawford, and afterwards more fully inveftigated 
by M. Jurine of Geneva, and M. Layoifier, that 
the refpiration of the fame animal in different, ftates 
of the fyftem, and under the operation of different 
external circumftances, affects the air in very dif- 
ferent degrees. This curious fact, which affords 
an infight. into fome. of the moft ‘Important. opera-. 
tions of the animal ceconomy, mutt unavoidably 
produce great differences in the refults of the beft 
conducted S*perMents, and will render it impof- 
tion to the ere ‘The circumfances which hii 
been difcovered to influence the chemical effects 
of the refpiration are, the temperature of the 
air refpired, the degree of mufcular exertion, the 
fiate of the digeftive organs, and the condition 
of the fyftem as affected ae seats it is highly 

7 probable 
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probable ‘that other circumftances will be difco- 
vered, by multiplying and varying ourexperiments 
upon the living body. ‘Thefe different affections 
of refpiration will undergo a farther examination 
in the third part of this effay; they are noticed in 
this. place i in order to fhew, that the greateft degree | 
‘of certainty which we can’ attain upon this fub- 
je, is no more than an average deduced from a 
number of experiments, performed upon the 
“body under the various circumftances in which it 
is placed, ‘and the ei a changes to which it 
is liable. : | | 


An experiment performed by Lavoifier, upon 

‘a guinea-pig, feems to have been the firft in 
~ which a perfect apparatus, and the neceflary de- 
gree of accuracy were employed.(a) The ani- 
mal was confined over mercury, in a jar contain- 
ing 248 cubic inches of gas, confifling principal- 
ly of oxygene. In an hour and a quarter, the 
animal breathed with much difficulty, and being 
removed from the apparatus, the ftate of the air 
was examined. Its bulk was found. to be dimi- 
nifhed by eight cubic inches, and of the remain- 
ing 240 inches, 40 were abforbed by cauftic pot- 
afh, and confequently confifted of carbonic acid 
gas. Taking 100 parts of this air, thefe numbers 
will 


(a) Mem, Acad. 1780, p. 401—8. 
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will be as follows; the air was diminifhed to 96° 
5, or by 3°5 cubic inches, and of the remainder 
‘10° 5 were converted into carbonic acid gas, and 
‘abforbed by pot-afh, which reduces the quantity 
of air to 80 cubic inches. ‘Towards the conclu- 


fion of the experiment, the air would be necef- 


farily much lefs fit for:performing the funCtions of 
the lungs than the air of the atmofphere, in con- 
fequence: of the carbonic acid gas which it con- 
tained; but as the air employed was originally 
much purer than the atmofphere, the author fup- 
pofes, that the quantity uf oxygene deftroyed, was 
probably about the fame which would have been 
confumed under the ordinary GHNaMEABCES of 
pil appre 


The fame pbilofopher peel a fecond ex- 
periment upon the fame fpecies of animal, with 
ftill more accuracy, in which pure oxygene was 
employed.’a)) This’experiment continued during 
an hour and a half, and the animal being then re- 
moved from the jar, the air was analyzed as in the 
former cafe. 1728 cubic inches of air were found 
to be reduced to 1673, i: e. had fuffered a diminu- 
tion of 55 inches, cauftic pot-ath abforbed about 
229°5 eeans, eh a refidue of pure oxygene. 


Thefe 


(a) Ann, de Chim. t. ¥. p. 261 & seq, * 
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Thefénumbers, eftimated as :in»the formerscafe, 
will be nearly: as ‘follows’: ‘100dnches were redus 
ced too'g6° 82. or by! 3": 1 8inches,: the potzath 
abforbed! about 19!\inches,' reducing: the wholé 
quantity of air to 77 * 82 parts. The quantity of 
earbonicyacid):was'here fomewhat:greater than in 
the: former. experiment, which’ ‘may be attributed 
to the air employed: being: pure dxygene; and:to 
thecprocefs ‘having been continued fora fomewhat 
longer fpace of! times than im the former:inftanee; 
Upon, the’ whole; the refults:correfpond: as nearly 
as car be! ‘expeCed, from the: veey agents sean 
oh fat ssifuilatiel WO Ag0noI[G Jo YoIebRoy 
of MIDIG. O04 tibrigs Pater Jd: O0%1 
» Dr. Menivies Sirk Hiya ‘to paces the 
vil lip A confumed bya man in‘ the 
courfe of! axday...' He found'by experiment, >that 
one-twentieth: part ofvair, which ‘had’ been’ once 
refpired; is converted into’carbonie acid gas’; ' this 
he concludes) muft? have been oxygene,: asi that 
part'of the‘air alone is affected> by refpiration. 
He conceives! that'720 cubic ‘inches*of air are 
refpiredin°a'minute,° of which confequently:36 
will be confumed. -From thefe’ data’ he eftix 
mates, that\in the! {pace of 24 hours 61840 :cu= 
bic! inches, or’ 176266 grains ‘of | oxygene, are 
confumed ‘and ‘converted into'carbonic: acid‘ gas. 
In this caleulation ‘feveral important particulars 
Ysiteray Wp 3 G appear 
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"appear to-have ‘been overlooked, and/accordingly 
it will be found to: differ. fromthe refults of ithe 
more accurate ‘experiments,’ which have ‘been 
fince sai bi bya? M, aba and Mr. Dey 
io bith, Wg $8° TROl tis, 10 LOBED 
The ait id aphieh: were. ane by. M. Eas 
yeasts in conjunction with: his friend M. Seguin; 
were conducted with: every.’ ‘poffible.. attention: to 
accuracy) :and ‘with an) apparatuse:more, coms 
plete, ‘than any which’ has ever: been: employed 
in phyfiological refearches,>; An accountodf them — 
is: detailed. in two, papers: in:the, memoirs) ‘of, the, 
Academy of Sciences for thes: years)o4 }78Q> arid, 
1790; but notwithftanding the peculiar advan- 
tages ‘under. which: they:;were perforined; ‘their 
refults wilk not! be. found in all. inftances sto 
coincide. M. Seguin, was; himfelf; the: fubjectiof 
the experiments ;' the authors begin! :by pointing 
out the. different effects which: are:produced by: 
the refpiration under, the different; circumftances. 
in which the body is’ placed, and: ‘they: farther 
remark, that individuals may probably. differ.i in the 
abfolute quantity of oxygene which they confame: 
in the fame:'circumftances. Making.a due lal- 
lowance for thefé variations, they conclude, that 
the mean confumption « of oxygiene by, aman dur: 
ing 24 hours, is, fomewhat more than, 22..French, 
eubic sip, or 46037'* 38 Englifh, cubic, inches; 
Wes Bin a quantity 
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a quantity. of ia iW hish rwph, igh nooo 66 
ci i sien odes COOL ted: Danese 

cate: was ill Sahannhse tO: Lpitfan: ae 
Senorisiattis; on. this. fubject, and had conftruéed: 
a Very, expenfive apparatus, for af{certaining with, 
ftill, more. precifion, the amount, of the, feveral, 
changes produced. by refpiration, . when. this, 
great philofopher fell a facrifice to the fury. of. 
Robefpierre, . and received fentence of death; He, 
had. already performed a number of experiments; 
with, his new apparatus,. and. carneftly. requefted a, 
refpite of a few. days,-in order, to, prepare. them, 
for. publication, ;: but his requeft was, not granted, , 
M. Dela Place, who. pronounced his eulog ee has. 
fortunately given us the moft important refalts ; 
they will be found. to. differ in fome particulars 
from the .former experiments, though. with. TPs. 
fpect to; the quantity of oxygene confumed, they, 
nearly coincide; it is ftated that a Man in 24 
hours confumes ahi 5: ereine: @ ): 


a + ey ON 


The man Liaeetiente on Radin fabjea Si 
have been’ performed fince the death of Lavoifier,;, 
are thofe of Mr: Davy, which appear .. to haye.. 


been, ‘executed. with great, accuracy. » From He 
YEN bi Sa aaa “number 


(@) Note 35. (b,). Suppl. to. Ene. Brit. v. ii; p. 594, 
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‘number of trials made upon his own réfpiration, 

he found, that 100 cubic inches of atmofpheric 
-air, after having once paffed through the lungs, 

had lof between 4° and 5 parts of oxygene, 
. hence he calculates, that 31°6 cubic inches of 
oxygene are confumed’ in a minute; (a). this 
will give 45504 inches in 24 hours, a quantity 
which will weigh 15471'* 36 grains. (ty) This efti- 
mate. coincides nearly with that ‘of My Lavoifier, 
though it was obtained by a different procels and: 
by the ufe of a different “apparatus ; “we may 
therefore at at that la pt aa 6, 000" 
troy, is the average “quantity ‘of oxygen “con 
fumed bd a man in A Apter? tr fe 


palit & steblaitieg? the Pe of en 
ee is confumed in ‘refpiration, it next Temains' 
to determine the quantity of carbonic acid’ gas, 
which is produced. It appears that? Dr) Black: 
firft demonftrated its exiftence in air which was: 
emitted from the lungs, and that M. Lavoifier, 
afterwards examined it with more accuracy, and 
found that the air’ in which an animal’ had €x~ 
pired, contained about % of its bulk of carbonic’ 
acid. ih (c) In the a which. this phi- 
lofopher 


(a) Davy's Researches, p. 431—4+ (t) Note 36 
(c) Mem, Acad, 1777. | . 


_ 
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lofopher performed with a more perfect apparatus, 

upon a guinea-pig confined in oxygene, the car- 
bonic-acid amounted to nearly } of the bulk of 
‘the whole air employed, when the animal had 
been detained in the apparatus until the air was re- 
duced into a ftate, no longer fit for refpiration. (a) 
Thefe. experiments, however, only prove what 
proportion of carbonic acid gas, will render 
air incapable of fupporting life, without ac- 
quainting us with the quantity of this gas, pro- 
duced under the ordinary circumftances of refpi- 
ration. | | 


M. Jurine of Geneva, appears to have been 
the firft who attempted to calculate the abfolute 
quantity af carbonic acid formed by the refpira- 
tion of man; he imagined that it conftituted 
about , part of the air. emitted from the lungs. (b) 
_ Dr. Menzies inftituted a fet of experiments 
to difcover the abfolute quantity generated in a 
given time;. he infers from them, that 2 part of 
air which has been once refpired, is carbonic acid, 
and eftimates, that a man in 24 hours, fends 
out from the lungs 51840 cubic inches, or 
nearly lbs. troy ; (c) but this eftimate is probably 
over-rated. 

| The 


(a) Ann. de Chim. t. v. p, 261, & seq. (b) Ene. 
Meth, Medicine, t.i. p. 494. (c) Menzies, p. 50. 
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phe circumfances which have been already 
“povanel ‘out, as influencing | the ‘confumption of 
_oxygene, have at Jeaft as powerful an effect upon 
the produ@tion of carbonic acid gas. Accord- 
“ingly we ‘fhall find the calculations of the moft 
“accurate experimenters upon this fubject fo wide- 
‘ly different from each other, that it feems fearcely 
‘poffible t to arrive at any tolerable degree of cer- 
ie ' | | 

‘MLM. favour cn genie’ in » their firft me-_ 
moir of 1789, eftimate the average quantity ‘of 
carbonic acid gas, formed by a man in 24 hours, 
ae 7 720 89 grains troy ; sin their fubfequent. me- 
moir, ‘publithed 3 in the. following year, this quan- 
| tity is diminifhed to. 8450 QA grains ; ; “and i in the 
: eulogy of La Place it is ftated, that Lavoifier i in his 
| Tatt experiments, reduced it fill lower t to 7550° Ao 


ain feat to ‘have been’ performed with great 
exactnefs, though with | a lefs complicated . appa- 
ratus than that employed by 1 the French chemitts, Se 
fuppofes the carbonic acid formed 1 in 24 hours to 

“amount to 17811 38 grains, ( a) a quantity which | 
is not very different from that firft announced. b 

Lavoifier. Between fuch oppofing authorities, | it 
“js. not eafy to decide ; upon the whole I feel in- 


clined 


. (a) Researches, p. 434. ilo “ue 


- 
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clined. to acquiefce:in the experiments of Mr. 
Davy, ‘and toconclude; that'the quantity. of car- 
bonic:acid gas, generated by:a man’ in 24 hours, — 
amounts to about, 17800. ‘Brains Or, fomewbas 
wine sibs: — r otc daneray seth 

cri wll of tlie acpi eA Fs a 
ration upon the air, is a diminution. of its volume. 
This circumftance was. noticed ‘by the. older. phy- 
fiologifts,. but ini confequence.‘of the manner,in 
which their, experiments were, performed, it was 
very confiderably over-rated ; _ they attributed it 
toa diminution of the elafticity or {pring of the 


air. (a). Lavoifier, in the firft , memoir. which 


he publifhed upon, refpiration, , afcertained, the 
degree of diminution with. more. accuracy, and 
ftated, that air when rendered unfit to fupport 
life, was reduced 3 in bulk./b) The experi- 
ments of Dr..Goodwyn, afforded the, fame re- 
fault ;(c) but, Dr. Crawford,. by. fome miftake, 
was led to conclude that, | when the procefs. was 
-conduéted with accuracy, there was no percepti- 
>ble. diminution. (d) In. the account which La- 
voifier gives of the. firft ‘experiment upon the 
--gaines-pig, he found the, diminution to amount 
. tog of the balk s of the air employed, (e) and 
nanan 
¢ my Note 37, uy, b) Mem. as 177. 3) Goods 


wyn, p. 51. oS On Animal Heat. pe 146, (e) Mem. 


Acad, 1780, p, 401. iat ‘at 
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in’ fhefecond:fet-of » experiments, the diminution — 
was) found’ tobe 45 part; (a) the greater :ab- 
forption in'thefe' cafes ‘probably depending upon | 
the “greater purity “of the air employed. «It is | 
fomewhat remarkable, that in the’ experiments 
performed by Lavoifier, in conjunétion with Se- 
guin; upon ‘the refpiration of man, though in — 
other - *Fefpedts'‘fo ‘fo’ ‘remarkable -for ‘their accuracy, 
there is no “mention made of this circumftance, 
nor'is ‘it ‘noticed by La ‘Place, in’ his’ account of 
the experiments‘in which ‘Lavoifier was engaged, 
immediately previous to his execution. In thefe 
inftancés we cannot determine, whether Lavoifier 
‘concéived that! no diminution a@tually took place, : 
‘or whether’he' only negle&ted ‘to notice it; upon 
‘the whole, ‘the latter: napa ht mire kebab 
bee obit { - | 
- The etic fa8 of the <itptinafiod of bulk 
a“ jn refpired air, has been fince confirmed’ by Mr, ° 
Davy, though ‘the ‘exaé degree of ‘abforption: 
‘varied fo much'in ‘his different experiments, that. 
it i is‘ difficult ‘from them to fix upon ‘a quantity: 
which: may indicate the ordinary amount ‘of this 
‘diminution. In the confideration of ‘this quef= 
‘tion, ‘asin the preceding one refpeting the con- 
Aamption of ie Nine aot the production of 
“carbonic _ 


(a) nn. de Chimie, t. Ve Pp: 261. 4 il 
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carbonic acid, there are two diftinét objects of 
inquiry.. We may. examine the degree of dimi-. 
nution produced in a given quantity of air, in 
which an animal has’ been confined, until it is 
no longer fit for fupporting the refpiration ; and in | 
the fecond place, we have to afcertain the amount 
of the diminution which takes place in air that has 
only once: paffed through the lungs, as is the cafe 
in the procefs of ordinary refpiration. The firft 
of. thefe points only was examined by Lavoifier, 
Mr. Dayy.has made experiments upon both. In 
air which had only once paffed through the 
lungs, he found the diminution in different trials 
to vary from 7s to xs»; (a) when he received 
the fame air repeatedly into the lungs, it was — 
found to be diminifhed as much as zz of its 
original bulk. (b) The former experiments how- 
ever alone indicate the effects of natural refpi- 
‘ration, and taking an average of their gpa, 
the. amount of the diminution will be about ro. 
“part of the whole air received into the lungs. 
I am, not acquainted with any experiments to 
afcertain the diminution of air that has been once 
_refpired, upon the accuracy of which we can 
lt excaptins thofe of Mr. Davy. 


Mr. Fine in oppofition to the genictally 
teceived opinion, conceives that the quantity of 


air 
(a) Researches, p.431—3. > (lL) Do, p. 435. 
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air cided’ from ‘the lungs is ‘greater ‘than that 


received by them. This fingular hypothefis is 


principally founded upon the fuppofition, that the 
carbonic acid difcharged by refpiration; is not 
generated by the union of the oxygene received 
by the blood as it pafles through: the lungs, with 
the carbone contained in this fluid, but that it is 
merely an exhalation from the furface of the vefi- 
cles. He eftimates that 100 cubic inches receiv- 
ed by the lungs, when difcharged from. them are 
augmented to 107} inches. The diminution ‘in 
the bulk ‘of a quantity of air in which an ani- 
mal has been confined, he attributes to its ab- 
forption by veffels with which he thinks it pro- 


bable; the furface of the lungs is farnithed, fine 


Jar to thofe of the fkin. gi ta! OM aa 
wi ve 
If we'have found it difficult to afcertain with 
accuracy the at nount of thofe changes produced 
“by refpiration which we have hitherto examined, 
we fhall probably experience {till more uncertainty 
‘in determining the quantity of ‘aqueous vapour 
‘that is emitted from the lungs. This fubftance is 
‘from’ its nature lef eafy to eolle& and meafure 
than a permanently elaftic fluid, and accordingly 
the phyfiologifis who have attempted to difcover 
HENCN is Gh MUUMOIIe Me Mahiog JAW the 
(a) Essays, p. 146, 8. 
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oi 
‘the quantity of it mixed with a air of expira- 
‘tion, have for the moft part proceeded rather upon 
-calculations derived from collateral circumftances, 


“than from the’ direct refult of F experiment. 


ie gn aha of water from the lungs in 
befpaldisars was a circumftance which could ‘not 
“efcape’ the moft curfory obferver ; accordingly we 
fhall find that it’was noticed by the older phyfio- 
‘logifts, and ‘was indeed ‘regarded by them as one 
‘of the principal purpofes which is ferved by this 
fundion. (a) Dr. Hales performed many experi- 
ments for the purpofe of a{certaining its quantity + 
“he contrived to pafs the air which he expired 
through a flafk filled with wood-afhes, which in 
“ confequence ‘of the pot-afh contained in them, 
have the property of ftrongly attracting moifture. 
By obferving the increafe of weight which the 
“afhes had acquired in a given time, he eftimates 
“that the water emitted from the lungs in 24 hours, 
“will amount to 9792 grs., above 20 oz. (b) The 
“nature of ‘his procefs, however, did not admit of 
“much accuracy. Dr. Menzies attempted to folve 
“this problem by adually collecting i in an allantoid 
“fitted to the mouth, the water emitted from the 
“Tungs 3 in a given time ; his eftimate 1s much lefs: 
Py than that of Hales; ; he fuppofed that the quantity of 


water 


(a) Note 38. _ Statical Essays, v. ii. p. 322—4.. 
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water exhaled in 24 hours would amount tono more 
than 6 oz. or 2880 grains, (a) Mr, Abernethy, by 
breathing into a glafs veffel of a peculiar conftruc- 
tion, collected in an hour 180 grs. of water, con- 
taining, as he fuppofed, a quantity of mucous 
matter, According to his eftimate, the quantity 
emitted in 24 hours, would amount to exaétly goz. 
or 4320: grains, but as the fubftance which he ob- 
tained was not pure water, there muft be fome 
deduction made from it on this account, We are. 
‘not informed what proportion the water bore to 
the mucus diffolved in it. (6) 


it ene, difficulty of actually colleGing and 
weighing the pulmonary exhalation, is probably 
the caufe which induced Lavoifier in his expe- 
riments upon refpiration, to afcertain its quantity 
by a calculation, founded upon the proportion 
_ between its conftituent parts, compared with the 
compofition of the other fubftances which are 
received into and difcharged from the lungs. He 
firft determined by direé&t experiment the quan- 
tity of oxygene confumed, and of carbonic acid 
produced; the compofition of carbonic acid is 
known, and by comparing the oxygene which 
had difappeared with the quantity which would 
have been neceflary to form the acid, he found 
that the oxygene confumed was more than fuf- 


oi ficient 
(a) Menzies, p. 54. (b) Essays, pi 14... 
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ficient to compofe the. ‘carbonic ‘acid which ‘was 
atually produced. (a) He fuppofed that this fu- 
perabundant quantity of oxygene was employed 
in the formation of water, by uniting in the lungs 
with ‘a portion of hydrogene } he eftimates ‘the 
amount of the water “by ‘knowing what quantity 
of ita given weight ‘ofoxygene can produce. 
This method employed: ‘by: Lavoifier muft be 
confeffed to be extremely: ingenious, put at the 
fame time, before we ‘can ‘depend upon its truth, 
we mutt: be well affured’ that the feveral propo- 
fitions: ‘on which’ it refts, are. themfelves® well 
founded. ‘There are, I confefs, feveral reafons 
whieh ftronsly incline me to fufpect their validity, 
they‘ will be confidered! ‘in’ the following chapter ; 
at prefent I fhall only ftate the: conclufions which: 
this diftinguifhed: philofophér “has deduced from 
hidiealeutations? (b) 13 (Oi of fo sucts biog ove 


“> ff 
oe 


-) Lavoifier firft formed an eftimate of the water 
fuppofed to be’ generated: in» the lungs, from the 
experiments ‘which’ he‘niade upon the refpiration 
of a guinea-pig confined in pure oxygene. He 
afcertained, that the carbonic acid produced would 
have acquired’ for’ its formation, a quantity of 
oxygene less by 55 cubic inches, than had in fact 

‘difappeared ; this oxygene, the author adds, muft 

133 : : either 


(a) Noteizgn =) (BJ Note 400 
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cither have been abfotbed, and have entered inte 
fome combination with the mafs of blood, or’have: 
united) with a quantity of hydrogene difcharged, 
from the: lungs, together with the ,carbone, and 
thus have produced water; he'conceives that;,the- 
latter fuppofition: is the moft probable: (a). The. 
‘reafons for this opinion are not detailed.as fully as - 
might. be wifhed, but he appears to have. been in= 
fluenced: by the’ experiments, in which ve éon-) 
ceived,, ‘that, more: caloric is: difengaged d: by othe: 
formation. of a. given quantity, of lig acid. 
in. the lungs,.than from the formation ofthe fame: 
quantity of. carbonic: acid. by the: combutftion, -of, 
charcoal in the calorimeter. », This excefs jof: car-, 
loric,. hé imagined was; derived, from.the union of 
the. hydrogenous and «the oxygenous | gafes,, (4). 
An the experiment with the guinca- pig, the;carbos. 
nic acid amounted to 107 grs., the water\was-elti- 
mated at about 25 grs. Nearly the fame train of 
“ reafoning was purfued in; the elaborate experiments 
_ upon:the refpiration of man,» to which.I have.al< 
ready referred, performed:by thé united. efforts. of 
Lavoifier and Seguin.’ Inthe firft.of ,thefe me-, 
moirs, ‘the quantity of water emitted ' from the. 
lungs‘of' aman in 24 hours is ftated ‘to. be.no more 
than 337°18-grs.; butin»the 2d., where a more, _ 
perfect apparatus was employed, the weight of wa-, 

. ter 


-b 


(a) Anns de Chimie, t.y. (b) Mem, Acad. 1789. 
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ter expired in 24 hours, is eflimated at 11180'57 
grs., nearly 2lbs: troy, a quantity very much larger: 
than the eftimate derived from the former:expe- 
riments... An the experiments performed by La-' 
voifier, of which an’,account,is, given by M. La. 
Place,, the» »quantity, of water was, fuppofed to be. 
ftill amore) confiderable, evenoas-much ,as.13704! 
grs. ini the:courfe of 24, hotirs.;, The; propertion. 
between, the carbonic, acid,, and: the, water, dif; 
charged:by. tefpiration; as deduced, from: thefe laft 
experiments,of{ Lavoifier's, differs very confider4 
ably: froni that in: the ‘experiment. performed, upon: 
the guinea-pig, iand'no le(a-nemiarkably, fram each 
other..; In the: memoir of 31 7:8Q,\|the carboni¢ acid, 
was 17720189 grs., the water -only,/837-18.grs. 
or as 1000;to JQ, nearly); in'the memoir of 17.90; 
the carbonic acid was 8450:24 grsi and the water 
11188257 grs. Or as. 1000 to 1323-5. inthe: eulogy. 
of La: Place, 'theccarboni, acid, is, 7550140. grs. 
and the: water) 1137 04, or:in;the;; proportiomof. 1000 
to A815 :nearly 5: 3: from fuehi very, difeordant éaleu- 
lations;<it»ds impoffible, to-draw any conclufions. 
Mr, Davy has not formed any. eftimate. of the 
quantity! of water exhaled in a Ne 
Moi jodisr Sioss wos “to YWivAeaieds Qdifs5q 
gE bevoifier: in his: eclish oainrtats rapat 
refpiration, concluded that the azote remained “en- 
tirely, Pee 5 aud. was received into and emitted 
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from thelungs without undergoing any change; (a} 
to this opinion he always adhered, and»it has, 
been adopted by almoft. all’ the modern phyfio~ 
logifts.. Dr. Prieftleyy indeed, inhis experiments, 
thought that there was’ an abforption of azote:as 
well as oxygene, (b) but as the apparatus which 
he employed’ was not fufceptible of perfe@accu 
racy,'and’as his experiments were performed in the 
infancy of pneumatic chemiftry, this cireumftance 
was generally attributed to fome accidental caufe. 
Dr. Priefiley’s fuppofition’ has, however, lately 
received a ftrong confirmation from Mr. Davy; 
who uniformly difcovered a: deficiency- of’ a fmalb 
quantity of azote’in his experiments upon refpiras 
tion; he. cites ‘the’ volume of azotic gas ab 
forbed to be-s<2 cubic inches in a mitiute, (¢)'a 
quantity!’ which; in 24¢hours, will amount -to 
about 2246-4! orsy ot ‘4''68-0z. From the peca+ 
liar: decuracy: with which Mr. Davy’s experiments 
appear to’ have been-performeds, feel ftrongly 'in- 
duced to:acquiefce. in’ his opinion; notwithf{tand- 
ing the great authorities:in‘favour of the oppofite 
doctrine, ° The’ expreffions: which Lavoifier em- 
ploys, render'it probable ‘that he derived his notion 
refpecting the inactivity of the azote rather from 
pint than: me os anes vand the po- 
didede bebulocoo so fide 
: ) ( iba gral ui 5 (i) Priestley's Exp. on Air, 

v. iil. p, 380; (c) Davy’s Researches, p, 434. 
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fitive affertion of fo diftinguithed a philofopher 
feems to have deterred fucceeding experimenters 
from any farther inveftigation of the fubject. (a) © 


An opinion, directly the reverfe of Mr. Davy’s, 
‘was advanced by M. Jurine; he imagines that 
azote 1s actually generated by refpiration. (2) But 
an attentive review of his experiments will eafily 
explain the caufe by which he was led to form {0 
fingular a fuppofition. After taking a full infpi- 
ration, he received the air from his lungs into four 
different veffels, and he found, that the portion 
which was laft expired, contained a greater quan- 
tity of azote than the others. He alfo found, that 
when the air had been retained for. fome time in 
the lungs, or when the fame quantity of air had 
been feveral times refpired, that it contained more 
azote, than when only taken once into the lungs 
and immediately difcharged from them, as in or-. 
dinary refpiration. But it is obvious, that in all 
thefe cafes, the encreafed quantity of azote referred 
only to the greater proportion which it bore to the 
reft of the air, and not in any degree to its abfolute 
volume. M, Jurine has, however, performed ano- 
ther experiment, which appears more direct, and 
had there been no fource of inaccuracy, would 

. H - certainly 


(a) Note 41. (b) Ene, Meth, Medecine, t.4. p: 493—7. 
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certainly have been decifive. He refpired a quan- 
tity of pure oxygene, and upon examining it 
after it had been emitted from the lungs, he 
found it to be mixed both with carbonic acid 
and azote. But in this cafe there is every reafon 
to believe, that this azote, which M. Jurine de- 
teGted in the air of expiration, was derived from 
the contents of his lungs before the experiment. 
As it does not appear that he ufed any precau- 
tions to empty them before he breathed. the 
oxygene, we may conclude that they would con- 
tain fomewhat more than 200. cubic inches of 
azote, (a) which would immediately mix with 
the air infpired, and confequently be expelled 
along with it. In Lavoifier’s very accurate €x- 
periment upon the guinea-pig, where the quan- 
tity of air previoufly contained in the lungs of 
the animal bore only a fmall proportion to the 
volume of gas in which it was immerfed, after 
the animal was removed from the apparatus, and 
the carbonic acid abforbed by cauftic pot-ath, 
the remaining oxygene was nearly as pure, as at | 
the commencement of the experiment.(b) } 


After having examined in fucceffion the dif- 
ferent changes which are produced upon the air 


by 


(a) Note 42, (b) Ann. de Chim, t. v. p.'262. 
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by refpiration, I thall conclude this chapter -by a 
fummary view of thefe effects, so far as the pre- 
fent ‘ftate of our knowledge, will .enable .us, to 
form any precife ideas refpecting them. 


1, A quantity. .of oxygene is’ confumed itt 
re{piration ; in ordinary circumftances atmofphe- 
ric aity, which has. been. once refpired, lofes nearly 
"04 of its: bulk of oxygene ;:in 24. hours a.man 
confumes : a’ quantity. which’. will weigh. about 
2lbs. 8 oz. ; fomewhat more than 26 cubic feet. 


2. A quantity of carbonic acid is generated 
by refpiration ; its volume is lefs than that of the 
oxygene abforbed, nearly in the proportion of, 
37 to 45; the weight of carbonic acid formed 
in 24 hours is about 3lb.; a volume of about 
22 cubic feet. 


3. The whole volume of the air is diminithed 
by refpiration ; the degree of diminution is not 
very accurately afcertained, but it may be etfti- 

mated at about ¢2 of its bulk. 


4. A quantity of aqueous vapour, the amount 
of which is ftill undetermined, is emitted from 
the lungs, 


H 2 : Baw 1 
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5. It is probable that a fmall portion of 
azote is abforbed, upon an average about +2 
part of the air refpired, making in 24 hours 


about 4£o0z. or 4 cubic feet.(a@) 


6. From the afcertained proportion in which 
the oxygene and pure charcoal exift in carbonic 
acid, it appears that a greater quantity of oxy- 
gene 1s confumed, than is neceffary for the for- 
mation of the carbonic acid which is produc- 


ed (b) 


(a) Note 48. . (b) Note 44, 


CHAP. 
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CHAP. IIL 


The change produced upon the blood by Res- 


| piration. 


THE extreme vafcularity of the lungs, and the 
great proportion of blood which is always pre- 
fent in them, induced even the oldeft anatomitts 
to fuppofe, that fome important change was ef-— 
fected in this fluid by refpiration ; and the difco-: 
very of Hervey, which fhowed that all the blood 
in the body paffes through the lungs during the 
courfe of each complete circuit, ftrongly tended 
to confirm this opinion. Soon after the do@rine 
of the circulation became generally received, the 
diftinction between the arterial and the venous 
blood, was clearly pointed out, and it was per- 
ceived that this change is produced in the capil- 
laries of the lungs. A number of conjectures, 
as may be imagined, were formed both to ex- 

_plain 
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plain the nature of the change which takes place, 
and the manner in which it is effected, 


A numerous and learned clafs of phyfiolo- 
gifts fuppofed that the alteration which the 
blood experiences in its paffage through the 
lungs, is in a great meafure mechanical. ‘They 
conceived that the blood, while in the pulmonary 
veffels, experiences a continual and violent agita- 
tion, by means of which, its particles, before loofe- 
ly mixed, and confifting of feveral heterogeneous 
-fubftances, are comminuted and perfectly united 
together, fo that the whole mafs acquires a uni- 
jorm and homogeneous confiftence. (a) ‘Baglivi 
fappofed that the blood was rarefied, (L) and 
Helvetius, that it was condenfed in the lungs ; (c) 
Boerhaave imagined that the particles acquired 
that peculiar organization, which he thought 
effential to the exiftence of gate blood. (d) 


Another fet of siNLSiGBNRNe in which we— 
meet with the names of Hervey, (e) Boyle, (f) 
Hales and Haller, imagined that the blood, in its 
paffage through the nel parted with fome 
noxious 


(a) Note 45. (b) Opera, p te (c) Mem. Acad. 
1718. (d) Prelect. t, ii. p. 184; 232 & seg. Note 46. 
(e) Exerc. de Motu Cordis, p. 232. () Works, v. 1. 
p. 99. &F seg.; v. iii, p. 371. & seq. 
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noxious or fuperfluous matter, and with a quan- 
tity of aqueous vapour, which being mixed with 
the air, was removed by expiration. 


A 3d clafs of phyfiologifis were of opinion, 
that the change from the venous to the arterial 
ftate, depended upon fomething which the air 
imparted. to the blood, whence it acquired its 
vital properties, and became adapted to the per- 
formance of its appropriate functions. None 
of thefe opinions is altogether corre& even in the 
outline, and when their refpeCtive advocates pro- 
ceeded to detail them more at length, they dege- 
nerated into mere fanciful hypothefes. Lower 
- had endeavoured to prove, independently of 
any theory, that the bright fcarlet colour which 
the blood aequires in the lungs, was owing to the 
action of the air, and we are now fo well affured 
of the faG, that it feems to us fomewhat fur- 
prifing, that his experiments fhould have pro- 
duced fo little conviction. In order to difprove 
a notion which prevailed in his time, that the red 
colour acquired by the blood in the lungs, de- 
_ pended upon an innate fire kept up in the heart, 
he inflated the lungs of a dog recently killed, 
and he found that the blood was reddened ex- 
aly in the fame manner as during the life of 
the animal. . Another favourite bypothitg preva- 

lent 
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lent in his: time to account for the change of 
colour which the blood experiences in the lungs, 
viz. that it depends upon the comminution of 
its particles, owing to the agitation and preffure 
which it undergoes in this part of the circulation, 
he endeavoured to overthrow, by fhewing, that 
the blood in the lungs of a newly killed animal 
would be reddened in the ufual manner, though 
they were kept continually dilated, and confe- 
quently almoft in a fiate of reft. Asa further 
proof that the change of colour depends upon 
the action of the air, he obferves, that when the 
blood is received into a bafin, the furface only 
of the craffamentum, which is expofed to the 
air, acquires the fcarlet colour, while the other 
parts remain of the dark purple hue. (a) The 
experiments and reafonings of Lower produced | 
little conviclion; the mathematicians (4) ftill 
thought it more probable that the red colour 
which the blood acquires in the lungs, depends 
upon the compreflion and agitation which it ex- 
- -periences in this organ. Haller ftrongly oppofed. 
the doctrine of Lower, and conceived that the 
different’ {hades of colour depend upon the 
greater or lefs proportion of red globules in the 
blood, or the degree of compreffion which they 

fuffer,.: 


(a) De Corde, p. 159-165, (lt) Pitcairne, Disser- 
tationes, p. 62—70. 
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fuffer, and explains the bright fearlet of the top 
of the clot, upon the fuppofition, that the red 
’ particles fubfide to the lower part, in confequence 
of their gravity, or are more compreffed than 
thofe at the upper furface. (a) After a long in- 
terval, the opinion of Lower was revived by Sig. 
Cigna of Turin ; he endeavoured to prove, that 
the change of colour in the blood, from a pur- 
ple to a fcarlet, in all cafes depends upon 
the action of the air, and his experiments are 
fuch as fairly to eftablifh the fact. They feem, 
however, to have excited little attention, and 
Cigna himfelf, in a fubfequent memoir, appears 
almoft inclined to defert his former’ opinions. (b) 
It was at this period that Dr. Prieftley commenced 
his inquiry into refpiration; he repeated and 
varied the experiments of Cigna, placed his con- 
clufions beyond the reach of doubt, and dif- ° 
clofed a new and important feries of facts, which 
_ ferved as the ground-work for all the information 
that has been fince obtained. The mutual 
action of the blood and air, which had been hi- 
therto admitted as a plaufible fuppofition, was 
now decidedly proved; Dr. Priefiley introduced 
a piece of dark-coloured craffamentum into an 

: inverted 


Sy 


(a ) Prelect. Boer. Note ad, t. ii. p. 214. El. Phys. vi. 
3.17. Note 47. (tb) Priestley’s Exper. on Air, v, uk. p. 
358—360. 
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inverted jar of atmofpherical air, the blood, after 
fome time, affumed the arterial color, and the 
air was found to have experienced the fame — 
change in its chemical properties as by refpira- 
tion. He afterwards proceeded to examine the 
effets produced upon the craffamentum by the 
component parts of the atmofphere applied fe- 
parately, and by the other aeriform fluids which 
had been recently difcovered. ‘The purple co- 
agulum was found to be reddened by oxygenous 
gas, ftill more rapidly than by the air of the at- 
mofphere : while in azote, in hydrogene, and in 
carbonic acid, the contrary effeéts were pro- | 
duced, fo that pieces of bright fcarlet craffa- 
mentum were reduced to the dull purple hue of 
venous blood. The conclufions from thefe ex- 
periments were highly interefting and important : 
they fhewed that the alteration of color which 
the blood experiences in the lungs, depends upon 
the oxygenous part of the atmofphere; and re- 
ciprocally, that the change which the air under- 
goes when received into the lungs, depends upon 
the action of the blood in the pulmonary veftels. 
The change which is in thefe cafes effected upon 
the air, Dr. Priefiley fuppofed to be fimilar to 
that produced by combuftion, which, in con- 
formity with his peculiar theory, he imagined to 
confift in the addition of phlogifton. He there- 

fore 
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fore concluded, that the air in the lungs acquired 
phlogifton from the venous blood, and that this 
abftraction of phlogifton conftituted the principal 
difference between venous and arterial blood. 
Dr. Prieftley carried the refemblance between his 
experiments and the actual ftate of the lungs {till 
farther, by introducing a moiftened bladder be- 
tween the crafflamentum and the air; he found 
that in this cafe, the fame changes were pro- 
duced as in the former inftance, and thus ob- 
viated an. objection which might have been made 
againft his experiments, that the blood and the 
air are not aCtually in contact in the lungs, but 
are feparated by the membrane of the veficles 
and the coats of the arteries. He likewife found, 
that the action between the air and the blood, 
was not interrupted by the intervention of a fira- 
tum of ferum, or milk, but that when water, and 
fome other fluids which he tried, were interpofed, 
the change could be no longer produced.(a) 


» The train of experiment which had’ been 
opened fo fuccefsfully by Dr. Prieftley, was pur- 
fued with no lefs affiduity by M. Lavoifier. This 
philofopher, by examining with more accuracy 
the ftate of the expired air, found that it had 

. acquired 


wn Priestley’s ‘Exp, on Air. v. iii, p. 362-374. Phil, 
Trans. 1776, 
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acquired a great additign of carbonic acid; he 
had already demonftrated, that this fubftance is 
compofed of oxygene and carbone, and he ac- 
cordingly concluded, that the air had acquired its 
carbone from the venous blood. In his, fubfe- 
quent experiments he fo far modified his original 
opinion, as to conjecture that, in addition to the 
carbone, a quantity of hydrogene was likewife 
difengaged from the venous blood, which uniting 
with another portion of oxygene, produced the. 
water of expiration: according to Lavoifier, 
therefore, the chemical compofition of venous 
and arterial blood differed in the former pof- 
fefling a greater proportion of hydrogene and 
carbone. | , 


That the air in the lungs had acquired from 
the venous blood a quantity of carbone, was a 
fact no longer to be doubted, but it was {till 
uncertain in what manner this change of com- 
pofition was effected. Lither the oxygene of the ~ 
air is combined diredtly with carbone abftracted 
from the blood, and the carbonic acid is gene- 
rated by their union, or a quantity of oxygene is 
abforbed by the blood, and an equal quantity 
of ready formed carbonic acid difcharged from 
it. Lavoifier in his firft memoir propofes thefe 
two hypothefes without deciding in favour of 

either 
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either of them; but. in his later papers he adopts 
the former, and confequently imagines, that all 
the changes produced upon the blood by refpira- : 
tion, are brought about in the lungs. The hypo- 
thefis of Lavoifier was adopted with fome flight 
_ variations by moft of his contemporaries ; for 
the opinion of thofe chemifis who ftill adhered 
to the doctrine of phlogifton, as Prieftley and 
Crawford, muft be:regarded as fcarcely differing 
from Lavoifier’s, except in the name of the fub- 
{tance emitted from the venous blood, which 
was by one party called inflammable matter, or 
phlogifton, and was by the other, with more 
' precifion, fiated to be carbone and hydrogene, © 


In order to complete this theory, it was ne- 
ceflary to point out an adequate fource, whence 
the blood may be fupplied with this carbonaceous 
or inflammable matter, which is perpetually dif- 
charged from the lungs. Dr. Crawford was the 
firft who paid much attention to this circum- 
_ftance; he propofed the following explanation. 
The folids of the living body have a conftant ten- 
dency to decay; their particles are continually 
changing, thofe which are no longer fit for per- 
forming their functions are removed, and dif- 
charged from the body, while new ones are de- 
pofited in their room. The arterial blood which 


Is” 


110 


is diftributed to all parts of the body in the mi- 
nute capillary veflels, is the vehicle. by means of 
which this operation..is performed; it conyeys 
the nutritious matter to the different parts of 
the body, and depofits.it in fuch a manner ‘as 
to repair: the neceflary wafte, while at the! fame 
time it receives the putrefcent ‘particles, which 
are become ufelefs or noxious to the fyftem, and 
carries them to the lungs, where they are united 
to oxygene, and difcharged, together with the 
air of expiration. It is to the addition of this 
extraneous matter that Dr.» Crawford attributed 
the change from arterial: to venous blood, and 
by the removal of it in the lungs, the blood, he 
imagined, is brought back to the arterial ftate. (a) 
The hypothefis of Dr. Crawford, refpecting the 
origin ,of the combuftible: matter, was generally 
received by the phyfiologifis who adopted’ La- 
voifier’s method of explaining: the changes pro- 
duced by refpiration. ‘This: philofopher: himfelf 
does not indeed appear to have paid any particu- 
lar, attention to the fubject it may be inferred 
from, fome. of his expreffions, that at one period he 
inclined, to the opinion: of Dr..Crawford, but in 
his.later memoirs he feems) to confider the pro- 
ducts. of digeftion as the immediate) fource of 

nes ly : yaerathe 


(a) Observ. on Animal heat, p. 150, & seg. Note 48. 
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the matter confumed in refpiration. He how- 
ever {till fuppofes, that the changes are effe&ted in 
the lungs, and it is. therefore obvious that his 
theory muft be imperfect, as the blood becomes 
completely venalized before it receives the con- 
tents of the thoracic duct. 


This theory of refpiration, though’ certainly 
fimple and ingenious, was, however, found to 
be encumbered with many difficulties, for, inde- 
pendent of other objections, Dr. Crawford’s ex- 
planation of the manner in which the blood ac- 
quires the fupply of inflammable matter, is by 
no means fatisfactory. It is indeed admitted, 
that the particles of which the folids are com- 
pofed are perpetually changing, but it is con= _ 
trary to all analogy to fuppofe, that the arteries 
_are the inftruments by which this change is ef- 
fected. The body is provided with a diftin@ fet 
of veffels, which from their office are called the 
abforbents, whofe appropriate function it. is to 
remove all fuperfluous matter. ‘There can f{carce- 
ly be a doubt, but that it is by the ation of 
_ the abforbents, that the ufelefs particles are re- 
moved, and thefe veflels have no communication 
with the fanguiferous fyftem, except by the inter- 
vention of the thoracic duct, which receives 
all the fubfiances abforbed, and pours them 

into 
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into the left fubclavian vein. There is no paflage 
hitherto difcovered, by which the blood can re- 
ceive any thing ab extra, from the time it leaves 
the heart, until it arrives at the mouth of the 
thoracic duct, when the circuit is nearly con- 
_ cluded, and the blood has already become com- 
pletely venalized. 


A fecond objection againft this hypothefis, 
perhaps no lefs decifive, was derived from a cir- 
cumftance which had been not unfrequently ob- 
ferved, that on fome occafions the blood is con- 
verted to the venous ftate, while it ftill continues 
in the great trunks of the arteries. This change 
has been known to take place during furgical 
operations, in which the courfe of the blood 
along the arteries had been intentionally ftopped, | 
and alfo in cafes where an extraneous, morbid 
body had preffed upon the veffels, and had pre- - 
vented them from tranfmitting their contents in 
the ufual manner. Where the tourniquet has 
been applied for any length of time to the 
trunk of a great artery, the blood which firf 
flows through the veflel when the inftrument is 
removed, is fometimes obferved to be of the ve- 
nous colour. Mr. Hunter remarks, that extra- 
vafated blood is in all cafes of a dark purple 
colour, though there is every reafon to fuppofe, 

that 
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that\it often’ proceeds iniiy the.rupture of an ar- 
tery. He punctured the femoral artery of a dog, 
‘and. afterwards. earefully excluded the air from the 
orifice, 'a tumor,was formed in the. adjoining cel- 
lular. membrane, this, he opened after fome time, 
and the, blood. which it,contained was found to ex- 
hibit all.the venous characters. , He then proceed- 
ed to, perform , the following, ftill more direct and 
decifive experiment ;. he laid bare, the carotid ar- 
tery.of a: dog and pafsed round it two ligatures, 
leaving between them an interval, of two inches. 
After fome hours he pierced. the part. of the veffel 
between the ligatures, and he found it to contain 
dark purple blood./a). In thefe inftances it: may 
be inferred, that the change which the blood ex- 
perienced could not depend upon any fubftances 
either received or difcharged, but upon an action 
which took place among the bodies already con- 
tained in it. It is indeed admitted, that the ca- 
pillary arteries of the lungs poffefs the power of 
tranfmitting through their coats, various fub- 
fiances, which  caufe the mutual changes. pro- 
duced in the. air and the: blood ; but the differ- 
ence in the thicknefs and _ texture of the branches 
of the aortic fyftem, and the minute capillaries i in 


the fangs. is/a fufficient reafon for fuppofing that 
I Aga “their 


fa) Obseru, On. the blood; p. 65-—7, 
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theit contents cannot be affected: in’ the fame 
manner by external agents. The capillaries of | 
the lungs, are moreover expofed to the action of 
the oxygene of the infpired air, whereas the arte- 
ries in the other parts of the body, independent 
of the thi¢knefs of their coats, are not expofed 
to any external agent, ‘which can be fuppofed to. 
have the ‘power of affecting the compofition of 
the blood which they contain. It appears indeed, 
that the abfence of oxy gene is a more important 
circumftance than the mere thicknefs of the 
coats; as we learn from the experiments of Dr. 
Goodwyn, that the colour of the blood in the 
fmall veins of the’ neck ‘of a rabbit, was in fome 
meafure brightened, by dire@ting a ftream ‘of oxy- 
gene again{ft the “outer furface of the veffels, 
when the cellular fubftance was carefully 1 remov- 


ed. (a) 


“As it appeared therefore from thefe circum- 
ftances, that blood may be converted from the 
arterial into the venous ftate without the addition | 
of any extraneous fubftance, it became neceflary 
to abandon the theory of refpiration which attri- 
buted this change to the abforption of inflamma- 
ble matter, during the aortic circulation, and to 

form 


(a) Goodwyn, .p. 63. 
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form one in which the alteration might be pro- 
duced by the ‘mutual: aGtion of the conftituent 
parts of the blood upon each other. (a) This 
was accordingly: done by M. La Grange, who 
propofed a new hypothefis, which M. Haffen- 
fratz adopted, and illuftrated by feveral impor- 
tant: obfervations and ingenious experiments. (b) 
The theory of M. La Grange, has been in fome — 
refpects modified by Mr, Allen, (c ) and with his 
improvements, appears to afford an eafy explana- 
tion.of every phenomenon. ‘eno 


According to this hypothefis, the blood in its 
paffage through the capillaries of the lungs, ab- 
forbs oxygene, which is loofely united to the 
whole mafs of fluid; by this union its colour is 
changed from a deep purple ‘to a bright fcarlet. 
The oxidated blood is then carried along the ar- 
teries; in the courfe’ of the circulation, the 
oxygene leaves the whole mafs of blood, and 
forms an intimate union with a part of the hydro- 
gene and carbone contained in it, by this opera- 
tion it lofes its bright colour’ and affumes the 
venous appearance. This portion of hydrogene 
and carbone, reduced to the ftate of an oxide, is 
then carried along the veins, until it arrives at 

| I2 the 


f(a) Note 49. (bt) Ann. de Chim. t. ix, 
(c) De la Rive de Cal. Anim. p, 35. 
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the lungs, where, after being united with an ad- 
ditional quantity of oxygene, it is: difcharged 
from the blood; and» forms the carbonic acid; 
and the aqueous vapour which are found to» exift 
in the’ air ‘of expiration. According to ‘this hy- 
pothefis, venous and arterial blood differ only in 
the arrangement of their component parts, in the 
latter cafe the oxygene is loofely combined with 
‘the whole mafs, whereas in the former, it» is in 
clofe union with a portion of hydrogene and 
carbone only, Asa confirmation of the aflumed 
principle upon which this hypothefis is founded, 
M., Haffenfratz adduces an experiment performed 
by M., Fourcroy, in which venous blood: mixed 
with oxygéne immediately acquired the {fearlet 
colour, but after fome time, though it was ftill 
expofed to its action, it again became purple, (a) 
owing, as he conjectured, to a more intimate 
union, which gradually took place between the 
oxygene and fome part of the blood. Dr. Prieft- 
ley had feveral years before obferved, that arterial 
blood was rendered purple by expofure to azote, 
or.to any of the gafes which did not contain oxy- 
gene; in this cafe it may be inferred, that the gas 
attracted the oxygene from the mafs of blood 
with ‘which it was loofely combined, for. if the 
; oxygene 


(a) Ann, de Chim, t, vit. p. 148. 


"any 


exygene had already been united to the carbone 
and hydrogene, fo as to form carbonic acid and 
water, it is not probable that the mere expofure 
to azote, sab Sag ‘have! sci eicaned thefe fub- 
fiances. KO wneTG pone * 


‘The difference between the arterial and the 
venous blood, according to this hypothefis, being 
‘fappoféd to confit. principally in’ the more or. 
lefs intimate combination of the oxygene, Mz 
Haffenfratz propofed to obferve the effects which 
would be produced, by adding to the blood Oxy- 
gene in a coridenfed ftaté': he employed for this 
purpofe’ the oxygenated muriatic acid. ‘ A’quan- 
tity of it was accordingly poured into fome blood, 
when the fluid acquired a deep and almoft black 
colour. ‘That this colour’ depended upon the oxy- 
‘gené, aiid not upon the muriatic acid; he proved 
by performing a fecond experiment,’ in which he 
ufed the common muriatic acid; the blood in 
this cafe was merély ‘rendered brown. From the 
- effedts of the oxygenated acid, he inferred, that — 
the oxygene; being prefented to the blood ina 
~condenfed: ftate, ‘had immediately formed a union 
~ with the hydrogene and’ carboiie, and had confeL 
quently produced’ the fame: change’ inftantané- 
oufly, which in “ordinary ciretinftances, * is only 
des, about’ gradually during thé’ courfe of ‘the 

circulation. 
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circulation. ,. M. Haffenfratz, afterwards filled 
a. number of tubes.with arterial: blood,. and fealed 
them hermetically ;.. after, fome time the blood 
‘became purple, and acquired the venous appear- 
ance. The fame action appears to have taken 
place in this inftance, between the conftituent 
parts of the blood; which is:produced in the ca- 
pillaries of the aortic fyftem, and, it was effected 
In a, fituation. where nothing could be abforbed 
by the blood or difcharged. from it. The oxygene 
which had been previoufly diffolved. in the whole 
mafs, and had imparted to it the bright {carlet 
colour, afterwards entered into a union with 
part. of its hydrogene and. carbone ; the colour 
was changed to.a.deep purple, and from the 
fituation in which the blood. was: placed, it had 
not. the power of difcharging. the oxidated fub- 
ftances which. it contained, or, of atta Ige a 
freth _fupply of oxygene.. 


“i Thete pyaiade t pace afford a proce 
confirmation of the truth of M. La Grange’s hy- 
pothefis, and indeed. they may be confidered as 
demonftrating that a change in the blood, fimilar 
to. that which, it undergoes i in the courte of the 
aortic, circulation,, may be effected) merely by a 
different arrangement, of. its, conftituent parts. 
Another circumftance in which this hypothefis 

pefiefies 


lg 


pofiefles a = decided fuperiority over the for- 
mer, though not, noticed by La Grange and Hiaf- 
fenfratz, is the. facility with, which it accounts for 
the introduétion into the blood of a regular fupply 
of inflammable matter. According to the former 
theory, the » change from the yenous to the. arterial 
ftate of the’ blood, depended, upon the difcharge 
of the fuperfluous inflammable matter, a procefs 
effected i in the capillaries of the lungs ; ; the blood 
was therefore. fuppofed to return to the right. fide 
of the heart deprived. of this fubftance, but in 
pafling along the minute arterial branches, it. ac~ 
quired ab extra the hydro-carbonous matter, and 
was thus brought back to the venous ftate : I have 
already alledged the objections againft this sup- 
pofition.. In the hypothefis propofed by M. La 
Grange, we may conceive the inflammable matter 
to enter, the. blood during any part of the circu- 
lation, as the different. ftates which this fluid af- 
fumes, depend not upon the abfolute quantity. of 
the fubftances which it contains, but upon the 
ftate of their combination. The nature of the in- 
flammable matter of the blood will be confidered 
more fully hereafter, at prefent I thall merely ftate, 
that the obvious fource of fupply confifts in the 
contents of the thoracic duct, which are poured 
into the left fubclavian vein./a) 


M. M. 


(a) Skey de mat, combust. sang. 
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ee! M. La Grange! and! ‘Baten ratz, “in con: 
ely ‘with’ the ‘opinion ae ML *LAvoifier, tha 
the’ Okygetious ‘part! of the’ ‘Atmblphere | only was 
employed’ in refpirition, ‘fappoled” ‘that’ ‘this’ gas 
alone’ is abforbed’ ‘in’ the ‘lungs. * Phe!" Contrary 
opinion 44, “however, “embraced By” Mr. Davy. 
Ee obferves, that fot the experi m ent s of Prieftley 
and’ Cigna” it ‘appeais, ‘that. ‘veno bus ‘blood’ can: 
become florid through a ftratumn' ‘of férim, and that 
confequently. cither the ‘whole’ of the’ air of the 


“y 


Buy 


‘diffolved by the ferum before it can’ nog at the 
red particles, ‘fo as to ‘change | their colour.. Ate 
thinks it probable’ that the whole ~ air is abforbed 
by the ferum, and that in this condenfed ftate, it 

is decompofed by the affinity which fublifts be- 
‘tween oxygene and the red globules. “Ae small 
portion of the azote is alfo retained by the blood, 
but the ereateft part of it is s liberated without 
| undergoing any nas (a) 


: Dr. Thomfon alfo: fuppofes, ‘that ‘the atmo- 
fpheric air in its whole fubftance is abforbed, 
but that the greateft part ‘of. the azote is again 
difcharged. Tn favour of this fappofition, he 
urges. the cab A of Dr. Prieflley, and Mr. 


Davy, 


(a) Researches, p. 447. 


yal 


“Davy, in which a fmall quantity of azote is con- 
fumed in’ refpiration, and alfo the’ experiments of 
‘the latter | upon the refpiration of the nitrous 
oxide. ° As i in this cafe the air of . expitation con- 
‘fifts of a part only of the gas infpired, “ mixed 
with a quantity of azote, it may be: inferred, that 
-the nitrous oxide is decompofed’ by the ‘blood, «a 
“procefs which both Mr. Davy, and Dr. Thomfon 
‘conceive, can only be brought about by its having 
been" previoufly diffolved in this fluid. (a) But 
“the ftate of combination in which the oxygene 
‘and azote. éxitt i in the air of the atmofphere, and 
in the nitrous oxide, differs fo confiderably, that 
even admitting the abforption of this latter com- 
~ pound by the blood, we fhall not be authorized 
to infer, that the fame action will take place with 
refpect to the former. Upon the whole I think 
it probable, that the blood exercifes its attraction 
upon the oxygene alone, but that in confequence 
of the powerful affinity which a large mafs of one 
of thefe gafes poflefies for a {mall quantity of the 
other, the oxygene which is abforbed by the 
blood; fill’ retains a minute portion of azote in 
“combination. C by 3 | 


| 4b sats then that the change produced in 
" the 


_ (a) Davy's Réedriches’ loe. cit. Thomson’s Chemistry, 
v. iv. p. 492. Note 50. (6) Note 51. 
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the compofition of the blood, during its paflage 
through: the lungs is. two-fold; a portion of in- 
flammable matter is. difcharged from it, and a 
quantity. of oxygene is abforbed: It feems upon 
the whole -probable, that thefe. changes are 
contemporary, and that the abforption of oxy- 
gene, and the, difcharge of inflammable. matter, 
at leaft. in; ordinary cafes, proceed in. exact pro- 
portion to each other. The immediate effect 
upon the. blood is to alter its colour froma deep 
purple to a bright fearlet. M. Haflenfratz’s ex- 
periment, in which -arterial blood affumed the 
purple hue, when enclofed in tubes hermetically 
fealed, (a) favours the fuppofition, that this change 
of colour is more influenced by the, prefence of 
‘the oxygene than of the inflammable matter. 

| Bey We blood } a lta eceatats fluid; com- 
| pofed, of feveral fubttances, which are loofely con- 
nected together, and. poftefs different chemical 
properties, it has been made a fubje& of inquiry, 
upon which of its conftituents is the ation of the 
air more immediately exercifed.. Of the two parts 
into which the blood feparates by its {pontaneous 
coagulation, the eraflamentum and the ferum, 
_the former only has been made the fubje& of ex-: 
: periment, 


(a) Ann, de Chim, t. ix. p. 260, 
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periment, and has been found to effect a diminu- 
tion of oxygene, and a. production, of carbonic 
acid gas in, the fame, manner, ;as when the entire 
mas of blood is expofed to the action of the air. 
From this circumftance, and alfo from the appa- 
rent fimilarity of the ferum to other animal fub- 
fiances which are not known to have any {pecific 
action upon the air, it is inferred, that the crafla- 
mentum is the immediate agent in producing the 
change which is brought about in the procefs of 
refpiration. The craflamentum itfelf is a com- 
pound body, confifting of fibrine and the red 
particles, the former. of thefe fubftances appears 
to poffefs the fame chemical properties with the 
mufcular fibre, whereas the red particles are bo- 
dies of a peculiar organization, they give the 
blood its colour, and by the different. fhades 
which they affume, afford the principal indica- 
tion of the approaches which it makes to the 
venous and arterial ftates. On this account it. 
has been prefumed, that the power of attra¢ting 
the oxygene from the atmofphere, refides in the 
red particles. The nature, and even the form, of 
thefe particles is ftil] involved in much obfcu- 
rity; there is perhaps no fubje@t in the whole | 
range of phyfiology, refpecting which more con-. 
tradictory opinions have been advanced.(a) It 

has, 


(a) Note 52. 
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has, however, “been long" ree that | they con- 
tain a quantity ‘of i iron, and from fome late expe- 
riments performed by M. M. ‘Foureroy : and Va- 
quelin,/a) the iroh appears to’be ‘united to the 
phofphoric acid, the compound: fill retaining an 
excefs of the metal in an oxidated ftate. The 
other: component parts: of the’ red globules” have 
been ‘examined merely by the vague’ method of 
defiraGive diftillation, from which it can only be 
afcertained, that they contain ‘the fame chemical 
_ elements with animal fubftances in general. The 
experiments of M. M. Fourcroy and Vaquelin 
render it probable, that the colour of the red 
particles depends upon the phofphate of iron, 
but it is ftill uncertain, whether this metallie 
falt poffeffes the property of attraGting the oxy- 
ene from the atmofphere, or whether this opera- 
tion’ be not rather effeGted by the red particles in 
their whole fubftance. on ahs 1a 


- Lavoifier was the firft Hilo fEnely who formed 
any < accurate idea’ refpecting the nature of the in- 
flammable matter difcharged from the blood. In 

‘his firft memoir in 1777, he confiders it as com- 
| pofed entirely of carbone, but he afterwards'con-— 
ceived that a quantity of hydrogene was alfo dif- 
engaged er the blood, and this opinion ‘has 

been 


(a) Systeme des con. ‘chim. €. ix.p.152. (lb) Note 53. 
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been: adopted: both by the French:and Englifh 
phyfiologifts... The -firft of thefe effects, the 
difcharge. of carbone from the blood, appears to 
‘be fufficiently eftablifhed ; a quantity: of carbo- 
nic ‘acid is found’in the air after expiration, 
which did not previoufly exift init, while the air 
is found to be deprived. of part of its oxygene. 
Carbonic acid is afcertained to be‘a compound of 
oxygene and carbone, and confequently the oxy- 
gene which has ‘difappeared, is fuppofed to be 
converted into carbonic acid, by the addition of a 
quantity of carbone which has been abftracted 
from the blood. ang 


The Aout of the difcharge of Peptide | from 
the blood is lefs direé&t. It has been fuppofed, in 
the fame manner with the carbone, to be emitted 
ini combination with oxygene, and it is indeed 
true, that a quantity;of water, the fubftance pro- 
duced ‘by the union of hydrogene and oxygene, 
is expelled along with the air of expiration. But 
' we may point out another origin for the aqueous 
vapour without having recourfe to the hypothefis 
of its generation, ‘by the direct union of hydro- 
gene and oxygene, ‘either in the lungs, or in the. 
courfe of the circulation. The inner furface of 
the bronchia and air reBbles,3 is lined with a CO- 

| ah Nig pious 
(a) "Note 5A, 
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pious fecretion of a mucous’ matter, and as the 
lungs are continually kept at a temperature of 98°, 

it may be fufpected that the water exhaled from 
them proceeds merely: from’ the evaporation of 
| part of this fluid: As,; however, the contrary 
opinion i is generally received,..and is countenanced., 
by the higheft authorities, it, will be proper to ex- 
amine upon what foundation it is fapported.) >.> 


It appears that the difcharge of hydrogene 
from the lungs was firft fufpected by Lavoifier, 
in confequence of the experiment which he made 
upon the refpiration ef the guinea-pig in oxy- 
gene. (a) He was induced to form this conjecture 
by obferving, that a greater quantity of oxygene 
had difappeared than what was fufficient to com: 
pofe the carbonic acid which was produced, and 
he confidered its union with hydrogene, and the 
confequent production of water, as the moft pro- 
bable method in which the fuperabundant oxygene 
could be employed. M. ; Lavoifier had ‘already, 
in a former fet of experiments, noticed, that, fome- 
what more caloric was difengaged by the procefs 
of refpiration than could be afcribed to the for- 
mation. of the’ carbonic. acid emitted irome the 

0 ee 


(a) Ann. de Chim. t. ¥. p. 26s ¢ tua t, XXi. p. 207. 
Mem. Soc. Roy. Med. 1782, 1783, p. 574. 


genous gas: The hydrogene, he’ ‘fappofes, is in 
this cafe abforbed by the blood: and he. con- 
cludes, that if the ‘abforption of hydrogene -can 
convert arterial into venous blood, the difcharge 
of this body mutt bring it''back to the arterial 
ftate. (a) I think it’a fufficient ieply to this ar- 
gument to remark, that the fame change in the 
colour of arterial blood is brought about by the 
application of the'azotic and carbonic acid gafes, 
and even by placing it in vacuo. (b) 


From this view of the arguments which have 
been’ adduced to prove the generation of water 
in the lungs,’ and at the fame time from a confi- 
deration of the more obvious fource of the aqueous 
exhalation, which is furnithed by the moifture 
always exifting on their furface, I do not hefi- 
tate to conclude, againft the authority of Lavoi- 
fier, (c) that the difcharge of hydrogene from the 
blood has beeii admitted without fufficient evi- 
‘dence, and that at’ prefent we have no proof 
of the emiffion of any fubftance from this fluid, 
depending upon’ the effeas of refpiration, ex- 
cept carbone. (d) I regard the water of the pul- 
monary: exhalation as produced by evaporation 
laid «: | Qk De HID 201 from 

(a) Ann, de Chim, t. xxi. p 225. & seq. (b) Priest- 


ley's exper. on Air, ¥) iii, p 304. °c) Note 56, 
(d) Note 57, 
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from the mucous fluid which ‘lines the. inner. fur- 
face of the bronchia and veficles, and which; is 
feparated from the blood by .fecretion ;, the water 
that is contained in the blood mixed with. the 
ferum, is poured into it along with the \contents 
of the thoracic duct, _which are at all. times 
largely diluted with this fluid. (@) « =) « 
» The arterial has been -obferved to differ, from 
the venous blood, in containing a lefs proportion 
of ferum and water, and this difference has been 
attributed to the operation of the lungs; ( b) but 
it may, with. more propriety, be afcribed to the 
effeats of fecretion and tranfpiration...,,It is, pro- 
bable that the blood in its paflage. along. the ca- 
pillary arteries, is continually parting with its fi- 
brine, in order to. repair. the wafte which the 
mufcular fibres experience, and the. proportion: of 
its ferum will be confequently increafed when, it 
arrives at the veins. | On the, other.,hand, during 
its. paflage through the. minute arteries ofthe 
lungs, a quantity,of the water which it contaimed 
is employed in forming the mucus, which, lines 
the bronchia and veficles, and in fupporting the 
pulmonary, tranfpiration, ,_In the mean time the 
blood has received a freth fupply of chyle, which 
iS 


3° 5 (a) Note 58. . (hb) Richerand, p.133. ~ 
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isthe ee fource gear the: aie 1S 
sa icy vat 

ah M alos : wa ; 

“The Lpbic sb daadbea dby 1 M. Cuvier; (a 

silat fuppofes that refpiration affifts in the con- 

verfion of ‘chyle into fibrine,. appears to be better 


founded.» We learn from accurate analyfis, that 


there is a greater proportion of azote, and con- 
fequently a fmaller proportion of carbone, in 
fibrine than in. the chyle, the fubftance from 
which the fibrine is formed, fo that in order to 
produce this change, | it is. neceflary to remove 
from the’ chyle a’ part of its carbone; but this 
we have already found to be one of the principal 
effects: aig by the sean of it in ( b) 


“The diate dud pours its contents into the 
left fubclavian vein, at a little diftance from the 
termination: of the venous fyftem in the right 
fide ‘of the heart: It has. been obferved, that 
when ‘the blood arrives at this part of the circu- 


Jation, the chyle ftill exifts in a ftate of imperfect 


mixture with this fluid; but that after it has com- 
pleted its paffage through the lungs, the globules 
of chyle are no longer: vifible, and the whole 


: forms one uniform mafs. This intimate ‘mixture 


IK 2a) salt od ni of 


¢ 


ie a) ipa: iio comp, t 1. p. 92. (b) Note 59. : 
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of the chyle with the other parts of the blood, 
has been confidered as an effet of the refpira- 
tion, but I think it more probable, that it is 
merelya méchanical operation, produced by the — 
tranfmiffion of the’ blood through the minute — 
network of veflels which’ compofes ‘the termina- 
tion of the pulmonary veins, and the commence- 
ment of the: re dts arteries. a Hebloted 


1 "The vdifeovery of Dr. Black, ‘that “bodies. 
which. indicate’ the, fame temperature, are fre- 
quently combined with different quantities of ca- 
loric; perhaps’ the moft valuable of all the mo- 
dern difcoveries in. chemifiry, opened a path to 
the explanation of the fingular phenomena of 
animal heat. This philofopher had previoufly 
-examined the change effected in the air by refpi- 
-ration, and had found it to be in many refpects 
fimilar to that produced by combuftion ; he ac- 
cordingly inferred, that in the fame manner as in 
the’ burning of an ‘inflammable body, an ‘extri- 
cation of caloric muft’ take place in the lungs. 
This hypothefis refpecting the origin of ‘animal 
heat was, however, advanced by Dr. Black, only 
as a plaufible fpeculation, and remained open to 
many objeCtions, when Dr. Crawford turned his 
attention to the fubje@t. He performed many ela- 
\borate experiments to determine the fpecific heat of 
a variety 
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a variety of: different’ fubftances, and purfuing the 
andlogy’ which had been pointed. out. by Dr. 
Black; ‘between: the. effects: of ; combuftion .and 
refpiration, he particularly examined the ftate: of 
the blood before and after it had paffed through 
the lungs. The refult of his labours: was.the 
‘difcovery’ of the important» faa, that the: blood, 
has its capacity for heat: increafed by its conver- 
fion from the venous to the | arterial tate, in con- 
fequence of the change produced in it by the 
action of the air.. He determined. the capacity 
of venous and arterial blood to be in the propor- 
tion of 10 to'114.(/a) - | 


As the produ@tion of animal heat appears, to 
be one of the moft important ufes of refpiration, | 
I fhall,.in: adherence to my propofed plan, defer 
to the 4th divifion of this effay, the farther con- 
fideration of this curious part of the animal con- 
~ ftitution.’ Ithall then examine at fome length 
the: theory of animal heat as originally propofed 
by Dr. Crawford,) together with the vatioug. mo- 
difications which it has received from the inge- 
- nuity of thofe phyfiologifts who have ftill more 
reggutly inveftigated the pei 


We have now _ reviewed in fucceffion the 
; rt changes 


- (a) Observations on Animal heat, p. 277. 
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changes whichiare fappofed to; be effected: in the 
blood: by'refpiration, It willbe perceived, that 
notwithftanding the difcovery of many important. 
facts, the fubject {till remains involved::in much 
obfcurity. This muft be, in a great: mieafure; at- 
tributed’ to the difficulty: of performing: experi- 
ments upon a’ fubftance like the blood,, compofed 
of a‘number of different ingredients, connecied 
together. by ‘a complicated fyftem ‘of affinities, 
which is liable to be difturbed by the operation, of 
almoft every external body. The» differencesbe- 
tween the arterial and the venous: blood is rather 
inferred from the comparifon of a number of ob-= 
fervations, that have been made upon the body in 
its different ftates, than afcertained by the direct 
refult ‘of experiment, and) confequently the infor- 
mation: which we have acquired upon this fubject, 
is ftill vague and imperfe&t. ‘There are, however, 
a few points, which the labours of the modern 
phyfiologifts feem to have clearly eftablithed, and 
from ‘the progrefiive’ ftate of chemical. fcience, 
we have reafon to expect 't te pee ‘number will 
grdsally increafe. OL ys 
The prefent ftate of our bbaawidage: rare) 
ing the change produced on the blood by refpi- 
ration, may, I think, be comprized in the fol- 
lowing propofitions. 
1, The 
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»/1s The blood which is expelled from the right 
siatribley of the heart, into the’ pulmonary artery; 
is:of a+ dull purple’ colour ;'° during’ its.’ 'paffage 
through’ the’ capillaries’ of ‘the’ lungs, its colour 
is converted’ into’ a bright fcarlet, in which ftate 
itis returned ‘tothe left auricle of the heart.) °° 


2. The change of colour is effected by the 
oxygenous part of the atmofpherie aie which is 
cic into AR baci a8 ie NE. HOSS 


vr Tit , a 
(i : iO 


YB » The. beds in pt diego lie rei 
emits a quantity of carbone, which is expired 
in: combination with oxygene, naples thse Agu of 
carbonic acid rah | i094 otal 

| fi T Par ioc! poffeffes: an attraction’ for oxy~” 
gene, and during: its paflage along the capillaries} 
of the: Nene it’ ‘abforbs a ath of this’ fab-/ 
ane; | 

_ 5. To one of thefe circumftances, viz. the’ 
emiffion of carbone, and the abforption of oxy- 
gene, or to the combination ‘of the two, .is: to 
‘be afcribed the change’ from the purple to the: 
fearlet colour, which the blood : undergoes dur- t 
ing its paflage through the lungs. 


y 6,)'The 


136 

6. The, fame change: of, ;dolour.is produced, 
Lae .@ portion..of |; the; :clet» of venous ‘blood, 
Is. expofed: to: the, ation, /of oxygenous, gas, ‘and 
the. ‘procefs., is. not. interrupted); by, the; initerpos: 
fition of a, moiftened membrane; ), or ,a;ftratum: 
of ferum, between’.the. ;craffamentum,and the: 
air. 


2. “When yore vail is) ai fete ara 
azotic, hydrogenous, or..carbonic: acid | gafes,: 
or placed in the vacuum of an air EMBs It 
aflumes the porn hue of venous oho ode 


8. The: oxygene,.. Ars is, in. as finft ins: 
Hater loofely combined with the. whole mafs of, 
blood, during the courfe of the circulation, gra- 
dually enters into a more intimate, union with a 
part of its. carbone, and forms with it an oxide. 
When this oxide is brought. back. to. the lungs, 
it unites with an additional quantity of oxygene,. 
fo as to form carbonic acid, and is then removed 
with the air of expiration. eo will 


9. The: blood receives: its fupply of .carbo-- 
naceous matter from the. contents of the tho-: 
racic duct, which are a pauuned| into the, left fab- 
clavian vein, 


10. It 
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10. Te: has © been! fippofed® that; befides ‘the 
cadbotte?’ ‘a quantity’ of hydrogene’ is: difcharged | 
from: the’ ‘blood ‘bythe’ lungs,’ but, .this’ Opinion: 
appears to have‘ been. pena di pet owe yori 
foundation. iin. od. OF tom ors 


oe on, . ” . » i 
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11. In confequénce'‘of the abftraction of a 
quantity of carbone from the blood, the propor- 
tion of azote in the refiduum i 1S ‘augmentéd ; 3-it is 
alfo probable;that a‘ {mall quantity ‘of ‘azote’ is. 
abforbed »by’. the: abl aes, ping rier from the 
atmofphere. AO nuOg” aod ben he 


12. Whew iblobasie converted from “the” ve-: 
nous to the arterial ftate, its. capacity for heat 
becomes increafed ; the {pecific heats of venous 


and serial blood are in the proportions of 10 


13. The blood, in confequence of its paf- 
fage through the lungs, appears to have its con- 
ftituent parts more uniformly mixed together, 
but this effect is to be attributed merely to the 
agitation and preffure which it experiences dur- 
ing its courfe through the minute and convyo- 
luted net-work of veffels which compofe the ca- 
pillaries of the lungs. 


14, Befides 


138. 


14, Befides. the, circumftances :,which have _ 
been: ‘enumerated, the. arterial , differs from. the. 
venous blood, in confequence of ‘the fubftances 
feparated from it to form the, different fecretions ; 
but thefe changes are not to be attributed’ to the 
effects of refpiration, and it is lil sees 
fible to: viniporiel shen amount, ° 

15. A iaiosas saieeeiigh of sauna va- 
pour. is. emitted. from, the {blood,' but this is the. 
effect of. tranfpiration, and ‘confifts. ‘of : water 
‘which had been: poured into the blood: ready: 
formed by the thoracic duct, along with the 
other products %: direc and-abforption... : — 
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"On the respiration of the different Gases. 
IT is:probable that no aeriform fluid, except the 
compound of oxygene and azote which ‘exifts 
in the atmofphere, is adapted: to: the permanent 
fupport of life. Of: the other gafes,' there are 
fome, which: on account: of their irritating :na- 
ture, it is: abfolutely impoffible to’ receive into 
the trachea;;thefe ‘properly conflitute the non- — 
refpirable ' gafes.' :'There ‘are, however, ‘others 
which ‘it “is poffible' to infpire, though their em- 
ployment is ‘followed fooner or later by the ex- 
tintion of :life.» I fhall detail fome of the prin- 
cipal experiments that ‘have been performed on 
this fubject, as the nature of the change produced 
upon the blood by common refpiration may be in 


fome meafure illuftrated, by obferving the ef- 
fecls 
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fe&ts which follow the ufe of the other gafeous 
bodies, 


Soon after the difcovery of the appropriate 
power which the oxygenous part of the atmo- 
fphere poffeffés, of fupporting animal life, feveral 
trials were made of the effets which would re- 
fult from breathing it in an unmixed ftate. The 
accounts given by thofe who were the fubjects of 
thefe trials were various; Dr. Prieftley, who firft 
made the experiment, conceived that he felt an 
agreeable lightnefs in the cheft,/a) fome perfons 
fuppofed that it produced exhilarating effects 
upon the fyftem, while others imagined that the 
employment. of this gas was followed by uneafi- 
nefs and pain’ about the region of the thorax. 
Thefe different. fenfations muft be attributed.in a 
great degree to the effe@s of imagination; in 
part, however, they may be afcribed to the gas 
which was employed in the earlier period of the 
pneumatic experiments having been often in an 
impure ftate, mixed with acid, acrid, or metallic 
particles.(b). A difference in) the effects produ- 
ced by the refpiration of the gas, ought perhaps 
in fome degree alfo, to be imputed to the manner 
in which it was received into the reba whether 

On ) only 


(a) Observ. on Air, Bs li, , 162, (b) Note 60. 
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only in {mall quantities, or by deep and laborious 
-infpirations,'‘and whether it was eraplayedq ina 
condenfed or a’ rarified areal 

ivi Ak nciaaneiels was the fir meen who him- 
»felf refpired oxygenous gas, fo he was likewife 
_ the firft who obferved the effects which it produ- 
ced upon animals altogether immerfed in it. “His 
experiments:were performed upon mice ; they de- 
_eidedly proved the fuperior power which this gas 
_ pofiefies of fupporting animal) life, but no. other 
certain-conclufions can be deduced from them.(aJ 
M. Lavyoifier: afterwards turned his attention to 
this fubject, and in the experiments upon guinea- 
pigs, to, which I have already referred, he noticed 
_ with more accuracy the effects refulting from the 
refpiration of oxygene. He examined the fiate 
of the internal organs of animals which had been 
_ for fome time confined in this gas, and he con- 
ceived that a degree of rednefs and. turgefcence 
of the veflels‘ was produced, and. other. effects 
which indicated that the fanguiferous fyftem had 
beenin a ftate of enereafed action.(L) » There is, 
however, reafon to infer, that in this cafe, either 
_the gas employed was in an impure ftate, or that 
. there were fome circumftances attending the fitua- 
_ tion 


(a) Note 61. (b) Mem. Soc. Roy. Med. 1782, 
1783. p. 576. 
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tion of the:animals, or the manner in which ithe © 
experiment was condu¢ted,  which:affected the re- 
fults, for the fame philofopher;: in: the! fubfequent 
memoir of 1789, where there appears to have 
- been the greateftiattention to accuracy, and where 
the moft perfect apparatus:.was employed, forms 
entirely oppofite conclufions. : In this paper, we 
are informed, that he:confined guinea-pigs in pure 
oxygene, andiin mixtures of oxygene:and azote, 
in different proportions, until the former confti- 
tuted only one-fifteenth part: of the! compound. 
In all thefe cafes, he found that the fame quantity 
of oxygene was confumed,: a circumftance,: he 
obferves, in which: refpiration differs remarkably 
from combuftion, though in many refpedts, thefe 
operations are fimilar to each other.’ The'effe&ts 
produced upon the animals were precifely the 
fame, whether they were confined in pute oxy- 
gene, or in any of the mixtures of it, except 
that when the proportion of azote was very large, 
they exhibited marks of drowfinefs. The author 
expreflly informs us, that neither the temperature 
“nor the circulation ‘were in any refpects affected 
by the infpiration of pure oxygene for the fpace 
of feveral days.(a) Thefe experiments muft be 
confidered as very valuable; there is no reafon to 

| doubt 


(a) Note 62. 
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doubt their accuracy, and:they may be relied on 
with more, confidence,.,as the, author feems. to 
shave had no-peculiar theory in:;view when he per- 
formed. them ;;indeéd. the, refults: are, different 
from what we might previoufly, have. expected, 
and are unfavourable to the analogy which La- 
voifier had always endeavoured to eftablith besmecn 
me(pirebi and somabuilion: Uy. nadia “operons 


lj We ee an pes ay tt Higgins of 
the refpiration of pure oxygene by. the human 
-fubje ;, in one experiment, thirty-eight pints of 
this gas were refpired without, interruption. .No- 
inconvenience, was experienced, a fenfe.of warmth — 
was, -however,) produced: in the cheft, .. and’ the 
-pulfe was confiderably quickened./a), .From the 
experiments,.of M: Lavoifier, Iam. induced to 
conjecture, that, this, encreafed rapidity, of : the 
circulation muft be attributed rather to the greater 
efforts which almott. neceflarily attend refpiration 
when continued . for.any length of. time in the 
‘way,in. which, it was performed. in this procefs, 
than. to the .effeets. of the application of. the 
Inicreafed quantity. of oxygene to;the lungs. Dr. 
Higgins, in a.2d experiment, breathed a quantity 
-of|,oxygene under an. additional preflure, and 
by 


(a) Minutes of a Society, Sc. p.144—6. 
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by very full infpirations.’ He conceived that’ by 

thefe means ‘its confumption' was’ much. promot- 

ed,(a@) but more numerous and’ accurate experi- 

“riments will be required’ before this inference can 
be ae oftaislithage ee aw, use 


In hil star 17949 ae Beddoes _publifhed 
his experiments upon this fubje&t. They were 
performed upon rabbits, and the attention was 
principally. directed to an examination of the 
fiate of the internal organs of the animal, after 
it had been fubjefed for fome time to the influ- 
ence of pure oxygene. The author commences 
his inquiry, by fiating, that “ Dr. Priefiley and 
‘¢ M. Lavoifier, found animals either to die or to 
“‘ become exceedingly ill in fuch air,” (oxygene 
little diluted) ** while it continues more oxidated 
« than the atmofphere.” (4) There’is no reference 
made to any particular paflage in the writings of 
thefe philofophers, but from the extra&s which 
I have given, it would appear that their fenti- 
ments aré altogether of an oppofite nature. (ce) 
Dr. Beddoes quotes the earlier experiments of 
M. Lavoifier, but the later and more decifive 
“ones in the memoir of 1789 are not: noticed. 
‘It is on the contrary taken for granted, that when 

| an 
(a) Minutes of a Society, &&c. p. 152. (b) Beddoes on 
fact, Airs, pt. i. p. 13. (c) See Notes 61 and 62. 
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lungs, (a) and this difficulty he fuppofed’ might. 
alfo be removed, by admitting the formation of a 
quantity of water, a procefs in which, as well as; 
in the generation of carbonic : acid, caloric 918, 
evolved. It is evident, that the firft of: thefe ar- 
guments for the formation of water. in the procefs 
of refpiration, depends, in a great meafure, upon. 
the truth of the peculiar theory advanced by:M.. 
Lavoifier, which fuppofes that the oxygene at- 
tracts the inflammable matter of the blood during 
its paffage*through the lungs,: without entering 
into that fluid. But according to the’hypothefis — 
advanced by M M. La Grange ‘and! Haffenfratz, 
the whole of the oxygene employed in refpiration 
is conceived to be ithe firft:inftance abforbed 
by the blood, and there is‘no reafon to conclude, 
that the exact quantity of this gas, which is re- 
ceived into the fyftiem by the lungs, is always 
difcharged by the: fame channel. Even if we 
were to admit this to be the cafe, it would ftill 
remain to be proved, that the carbone which 
_ enters into the compofition of the carbonic acid, 
_had previoufly exifted in that ftate of combina- 
tion which conftitutes pure charcoal. (b) This 
fubftance was conceived by Layoifier to be an ele-, 
mem poly and his calculations were formed. 
| | , upon, 
, yg bee Acad, 1780, p. 405. 1789. p. 569. (b) Note 
55. 
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upon ‘this ' fuppofition ;\ but the experiments. of 
Guyton and ‘Tennant, have demonfirated, that, 
‘what >was: formerly confidered as puré .carbone,, 
already contains 36: of -oxygene, -and. that confe- 
quently, carbonic: acid éonfifts of a: greater pro-, 
portion; of oxygene’ than Lavoifier. fuppofed.. It. 
is however unnecefflary to purfue this calculation, , 
as we are not affured of the truth of the previous 
fteps ‘upon which the hypothefis réfts. 7 | | 


With refpeét to the’ want of correfpondence | 
between the! quantity of caloric evolyed in the 
lungs, and 'the carbonic acid generated, although — 
we might endeavour to remove this difficulty, by: - 
taking into account the caloric difengaged during 
the formation of water; provided; this circum- 
france were decifively proved: by: other evidence, 
yet it muft be confefled, that the experiments re- 
_ fpeCting ‘animal. heat, and the apparatus. employed, . 
for meafuring its exact quantity, are of too deli- _ 
cate a’nature to ferve as a proof of the fact. | 


_. In addition’ to thefe arguments, which were 
urged by M. Lavoifier, to prove the generation . 
of water’ ih -refpiration,) M.. Seguin adduces — 
the experiments of Cigna, Prieftley, and Hamil- 
ton, ‘where the fcarlet colour of the arterial 
blood .was rendered purple by expofure to hydro- 

genous 


Vy, 
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an animal has been for fome time confined in air, 
which contains a greater proportion: of oxygene 
than the atmofphere, the body becomes, as he 
expreffes it, oxygenated. He had previoufly 
forined an hypothefis refpeting the operation of 
oxygene upon the fyftem, according to which the 
long continued infpiration of it. was fuppofed to 
induce an inflammatory ftate, and he accordingly 
found indications of this peculiar condition in 
‘every part which he examined... The lungs were 
florid, and in fome ‘places they were marked 
-with livid fpots, the pleura was inflamed, the heart 
retainedvits irritability for a longer fpace of time 
than ufual, the blood coagulated more rapidly, 
and the liver was of a lighter colour than ordinary. 
The whole fyftem was, as it were, fo completely 
faturated with oxygene, that the immerfion in 
hydrogenous gas, and in water, did not deftroy 
the animals, until after a longer interval than 
ufual ; a fact which remarkably coincided with 
the theory refpeéting the caufe of death. in fub- 
merfion, which the author had previoufly formed. 
‘The great difference between the refults of thefe 
experiments, and thofe of M. Lavaifier,. will 
appear the more remarkable when we. confider, 
that in the experiments. of the latter, the animals 
were expofed to the influence. of the oxygene 
fer feveral days, whereas thofe of Dr. Beddoes 

i SAN Ot ie ia occupied 
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occupied a much fhorter fpace of time. , Indeed 
we are expreflly informed, that the air in which 
the animal had been confined, ‘‘ feemed to 
“have fuffered little diminution either in quan- 
“« tity) or quality,”(a) notwithftanding, which, 


_. thefe fingular changes .were induced upon the 


body. It is impoffible to: reconcile opinions and 
experiments: fo contradictory as_thofe: which I 
have. related ; our: judgment mutt: in. fach, in- 
fiances be guided partly by the general character 
for correétnefs and impartiality which we attach 
to the works of the refpeétive authors, and 
partly by comparing them with the refults) of 
experiments which in any degree refemble them. 


! Diaite are ye a Derilx duets ‘ntee: 
efting experiments upon the refpiration of oxy- 
gene, which appear to have been performed with 
his accuftémed correcinefs. He fuppofes that 
life is finally defiroyed by the long-continued em- 
ployment of this gas, and: refers for the proof of 
his opinion, not only to the refults of his own ex- 
‘periments, but to thofe of Dr. Beddoes and M. 

Lavoifier. He does not, however, notice any par- 
ticular paflage in the works of this latter author, 
and confidering the very direct nature, both of 


7 


a a) Beddoes on ‘Aus, pt. i. p. 16. 
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his experiments and opinions upon this ‘point; ‘it: 
may be''conjectured, that Mr. ‘Davy ‘has been! in=. 
advertently mifled by the affertions of Dr.’ Bed! 

does. Indeed Mr. Davy’s‘own experiments’ vap- 

pear to’ Jéad to conclufions diametrically oppofite 
to thofe of Dr. Beddoes; 0 He refpired’ the fame 

portion ‘of oxygene for feveral fucceflive times, 

and then accurately afcertained the exaét quan- 
tity of it which had been ‘confumed, ‘dnd of’ car- 

bonic acid which had been generated, when’ he 

found, that both thefe quantities were lefs than in 

the ordinary’ refpiration ‘of atmof pheric air, he. 
obtained the fame refults when mice were made 

the fubjects' of his experiments. /a) It, appears 
- therefore, that in this inftance, if any alteration 

be produced in the fyftem, it. muft arife rather 

from a deficiency than from an excefs of oxygene. 

But notwithfianding the attention with which 

thefe experiments appear to have been conducted, 

an objection may, I think, be urged againft them 

from the erroneous eftimate which Mr, Davy 

formed of the capacity of the thorax in a fiate of 
complete expiration, a datum which is employed 

in the calculation of the Pr vghe) of shin Sain 

left after the ings ¢ b ye 


From the review of i experiments which 
La. : have 
V7 Researches, p. 444. (b) Note 64. 
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have been made upon the fubject, I think myfelf 
juftified ;in concluding, that) we have not yet 
any direct proof that) the refpiration of oxygene 
is injurious to the animal ceconomy. It is, how- 
ever, not impofiible that’ it may be the. cafe, 
were the gas applied to the langs for a fufficient 
length of time, but we have no ground either 
from experiment or obfervation, to enable us to 
determine, what peculiar, morbid action woot be 
induced. 


_ Among the remaining refpirable gafes, that 
which appears to be the leaft injurious to the liv- 
ing body is the oxide of azote. This aeriform 
fluid was firt difcovered by Dr. Prieftley, and 
was by him fuppofed to be “in the higheft de- 
** gree noxious to animals,” (a) The fociety of 
Dutch chemifts, who afterwards examiried its 
properties with more accuracy, coincided with , 
Dr. Prieftley, as to its effeGts upon animal life. (2) 
The experiment was, however, repeated by Mr. 
Davy, and he difcovered not only that this gas 
may be refpired for a fhort time without inconve- 
nience, but that the employment of it is fuc- 
ceeded by a fingular excitement of the nervous 
fyftem, which differs from that produced by alco- 
Bet ae et | hol 


(a) Observ. on Air, v. ii, p. 55. (b) Journ, de Phys. : 
é. xlili, p. 320 ‘ 
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hol and opium, in not inducing a fubfequent 
ftate of exhauftion. Mr. Davy has alfo; proved, 
that it is abforbed by the blood in confiderable 
_quantity, and he imagines that it is decompofed 
by this fluid. (a) I have already ventured to ex- 
prefs my doubts as to the correétnefs of. aus 
latter conclufion. (b) 


Hydrogenous gas has been frequently refpir- 
ed, (c) and it is now pretty generally agreed, that 
it is altogether paffive. when received into the 
lungs, and that death fucceeds the employment 
of it in confequence of the exclufion of oxyzene, 
in the fame manner as by fuffocatiou, or drown- 
ing. M. Lavoifier  diftinétly afcertained this 
fact, in his experiments related in the | memoir of 
1780; and it has been fince’ confirmed by Mr. 
Davy.(d) It muft be remarked, however, that a 
contrary opinion refpecting the effects produced 
by the refpiration of hydrogene has been main- 
tained by fome eminent chemifts, even by Dr. 
Prieftley himfelf; (e) but, his experiments were 
made in. ne cari period of the pneumatic 

Ns chemifiry, 


(a) Researches, p. 409, & seg. (b) See Note 50. 
(c) Scheele on Air and Fire, p. 160. Fontana, Phil, Trans. 
1779, &S Journal de Phys, t. xv. Pilatre de Roxter, Journ. 
de Phys, t. xxviii. p. 425. (d) Researches, p. 466. 

(e) Observ. on Air, v.i. p. 229. 
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ehemiftty, when the: gales were! frequently ef 
ployed’ in’ an impute’ ftate, and the experiments : 
of Mr. Davy, clearly ° ‘demonfirate that hydro- 
genous gas produces different’ effects upon the fyf- 
tem, according to’ the fabftances’ from which tt 
is procured.(a) | Soils 

The experiments that have been. made ‘upon 
the fubje@ of azotic gas are few and- imperfect ; 
it has been generally: fuppofed, that ° it exercifes 
no noxious’ ‘effects: tipon the blood, but like hy- 
drogene, ' deftroys life fimply by ‘preventing the 
accefs of oxy gene. Dr. Higgins indeed remarks, 
that an animal dies fooner when immerfed in this 
gas, than from the fimple intertuption | to refpi- 
ration, (b) but we ‘are ‘not ‘informed upon what 
data this opinion is founded. . Mr. Davy likewife 
experienced the: fenfe” of fuffocation more ‘{pee- | 
‘dily from: ‘the ufe ‘of ‘azote, than from: that of 
hydrogene, but it ‘appears ‘that the vas employed 
in the experiment contained a quantity of carbo- 
nic acid, (c) to which we may, with great proba- 
pility, aferibe’ its noxious effets ; and the fame 
philofopher, when fpeaking in general terms of 
the action of azote in refpiration, feems to confi- 
der ‘1t\ as “ase Be excluding ayers (d) ‘This 

ne opinion 


“ (a) Researches, lac. cit. Ta ) ‘Minutes of a. ‘Society, 
&e. p. 133. (e) Researches, p. 466. (d) ‘Do. p. 334. 
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opinion is adopted by Dr.. Thomfon,/a) and was 
uniformly maintained. by M. Lavoifier. (b) It 
would certainly appear reafonable to. conclude a 
priori, that a fubftance which enters fo largely. 
into the compofition of the atmofphere, and, 
which confequently compofes fo great a -_propor- 
tion, of the contents of the lungs, could. not 
exercife any noxious effects npoH the animal 
ont Wahine tered Weis, Hae id iati 


| (The. reel 3 remaining gas. raat is ite i, 
bein received into the.lungs, is the carbonated 
hydrogene or hydrocarbone. — If it be infpired 
in an undiluted ftate, it. is followed by inftant 
death, and when employed in fimall quantity only, 
mixed with atmofpheric air or with oxygene, if it 
be ufed for any length of time, it induces vertigo, 
dimnefs. of fight, convulfions, lofs of fenfation, 
and in fhort, every fymptom of approaching 
diffolution. It evidently acts more rapidly and 
powerfully than thofe gafes which merely exclude 
oxygene from the blood, and mutt confequently 
be confidered as exercifing a pofitively noxious 
influence upon the animal ceconomy. ‘Thefe fa- 
tal effects have been attributed by fome authors to 
its fuddenly abftraQing all the loofe oxygene from 

iy. | the 


(a) Chemistry, v, iv. p. 492. ' (b) Mem, Acad, 1789. 
p. 574. & alibi. 


152 

the blood, and thus completely depriving that 
- fluid of the property by which it fupports the ir- 
ritability of the mufcular fibres of the heart and 
arteries. To this hypothefis it may be objected, 
that’ the hydro-carbonous gas does’ not in’ other 
cafes appear to poflefs that powerful attraction for 
oxygene, which could induce fo rapid a change 
in the compofition of the blood; and it may be 
farther urged, that if it be taken’ into the lungs, 
mixed with a quantity of oxygenous gas, pro- 
vided it be not too much diluted, it will ftill be 
found to produce its accuftomed » fatal effects. 
The noxious influence of this gas is, I conceive, 
with more propriety referable to its action upon 
the nervous fyftem, upon which it produces di- 
rectly sedative cia a bgp ata 


All the remaining alee are fou to be firidly 
non-refpirable, 1.16: incapable of being admitted 
into the trachea. It is obvious that this muft be 
the cafe with the irr itating acid or alcaline gases, 
and with the nitrous gas, which during its paflage 
into the lungs, muft unavoidably be brought into 
‘conta with oxygene, and thus produce nitrous 
‘acid vapour The only fubftance refpecting the 
‘velpreability of which there could be any doubt, is 
ae the. 


(a) Note 64. 


153 


the carbonic acid gas, which, though poffeffed of 
the decided chara¢teriftics of an acid, exhibits 
them ina much flighter degree than that in which 
they generally exift. The impoflibility of taking it 
into the lungs, even by the moft powerful volun- 
tary efforts, when it compofes a large proportion 
of the air, was however proved .by the experi- 
ments of M. Pilatre de Rozier,/a). executed with 
that intrepidity which formed fo remarkable a 
trait in the character of this philofopher, 


With thefe remarks I fhall conclude the fe- 
cond divifion of my fubje@t, and at the fame time, 
the prefent volume. The third part of the effay, in 
which I propofe to treat of the different affections 
of refpiration, muft principally confift of original 
obfervations and experiments, and though I have 
‘made fome progrefs in them, they are {till in too 
imperfect a ftate to meet the public eye. Phyfio- 
- logifis have in general been more inclined to form 
hypothefes than, to execute experiments, and it 
_ has neceflarily enfued from this unfortunate pro- 

penfity, that their fcience has advanced more 

flowly than almoft any other department of natu- 

ral philofophy. The fubje&t of refpiration has 
indeed of late attracted the attention of the 
chemifis, 


(a) Journ. de Phys, t, xxviii, p, 422, && seq. 
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‘ehemifts, and! its phenomena have been: invettit 
‘gated with confiderable affiduity. A proportional 
advancement in our’ knowledge has been ‘con- 
fequently” produced; but there: ftill, remain many 
-queftions’ ‘tobe folved, and many difficulties to be 
removed. Some of thefe difficulties have ap- 
peated in thofe parts of the fubjeét which: have 
‘paffed’ under our review, but they will be found 
‘to exift in miuch greater number in the remaining 
divifions.' How far it will be in. my power to re- 
move any of them, it would at prefent be pre- 
fumptuous in me to determine, though I think 
‘myfelf juftified in’ auguring. favourably of the 
‘events’ of my- experiments, from the interefting 
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M. CUVIER ftates, that: there are fome very. 
imperfect animals, in which no appearance of re- 
f fpirator y organs has yet been difcovered ;(a) but 
| we are induced. by analogy, to fufpect,, that, in 
thefe cafes, future, and more accurate -obfervations 
will enable; us to, detect the apparatus by which. a 
fanétion j is. performed, which feems abfolutely, ef- 
fential to the exiftence of animal life. 


In conformity with the rats of the modern 
phyfiologifis, the word refpiration is here em- 
Ployed.to fignify that operation by which the 
blood and the air are enabled to act upon each 

x | | : other, 


(a) Lecons d@ Anatomie Comparée, t. i. p. 42, 
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other, though, according to the etymology of 
the term, it ought only to be applied to thofe.ani- 
mals that are furnifhed with lungs. The ne- 
ceffity of oxygene for the fupport of the life of 
fifth, was firft difcovered by Dr. Priefiley (a); it has 
been fince confirmed ‘by Sig. Carradori (4) and 
others. 


Note II. 


A good defcription of the comparative ana- 
tomy of the organs of refpiration may be found in. 
Mr. John Bell’s Anatomy, vol. ie c. 3. 


2 Note Hf. 


ie has best Si inaitiied 4 fome phyfiologitts, 
ithe infe&s differed. from other animals in the 
‘chemical change which their refpiration produced 
‘in the air, but this opinion is ‘proved to be er- 
¥oneous by the experiments of Vauquelin. (c) _ 


Note IV. 
This St refpeding the termination of. the 
bronchia, 
‘ (a) Experiments on eee v. iii p 382—7. (6) aie, 


de Chimie, 6. xxix. p. 171, 2. (ec) Ann, de Chim. 
t. xii, p. 273. 


Note A. - heey 


/ 


bronchia, which is generally adopted ‘by the 
modern anatomitis, refts altogether, or in.a great 
meafure, upon the microfcopical obfervations of 
Malpighi. Succeeding phyfiologifts have not 
been able to trace this ‘minute ftructure, and 
fome authors of refpectability have not fcrupled 
to deny its exiftence. Among others, Helvetius 
_ endeavours ‘to. prove that the bronchia terminate 
in a cellular or {pongy tiflue, compofed of a de- 
licate or membranous fubfiance, the cells of which 
have no determinate figure, or regular connexion 
with each other.(a@) There is indeed every reafon 
to fuppofe with Chefelden,(b) that. Willis and 
other fubfequent anatomifts, who have. defcribed 
and delineated diftin@, rounded. veficles, have 
exceeded the limits of accurate obfervation. _Mal- 
pighi, upon whofe authority the belief .of the 
exiftence of this peculiar firucture is founded, 
expreflés himfelf in the following manner, ‘ Dili- 
*« genti indagine inven totam pulmonum molem, 
‘* qguze vafis excurrentibus appenditur, effe aggre- 
“ gatum quid ex leviffimis & tenuiffimis mem- 
‘« branis, que extenfée & finuate pene infinitas 
“ vesiculas orbiculares, & finuofas efformant, ve- 
“ Juti in apum favis alveolis ab extenfa cera in 
** parietes confpicimus.” And again, “ mem- 
<“ branz iftée veficulz videntur efformari ex de- 

| | * finentia 


(a) Mem, Acad, 1718. (b) Cheselden’s Anatomy, p. 173 : 
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“| finentia tracheae, quae extremitatey’et lateribus 
in ampollofos: finus' faceflens, abvhis in’fpatia, 
** &veficulas inzequales terminatur.” (a) This 
defcription by no means conveys the idea of thé 
regularly rounded-veficle, which hasbeen adopted 
by fucceeding ‘anatomifts, and is delineated: by 
Willis.(b) The analogy of the frog and tortoife 
is certainly in favour of the opinion ‘of ‘Helvetius 
the ftructure of their lungs, which is lefs minute, 
evidently’ difcovers the termination of the bron- 
chia to'be a -congeries ‘of irregular, membranous 
cavities,’ Haller; with ‘his accuftomed ‘candour, 

after ftating’ the ‘Oppofite: authorities, confefies 
that’ he was at ‘one time inclined to doubt the 
generally" received ‘opinion, | although he’ /after- 
wards faw reafon to‘acquiefce in the dorine of 
Malpighi.(c) M. Dumas,’ who gives a’ full ac- 
count’ of the ‘different opinions that ‘have been 
entertained ‘upon. this’ fubje@, feems inclined’ to 
adopt ‘an intermediate one’ baebiipar, that ve Hel- 
vous and Epc Asia teas a eg ee GOUT 
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cut eee physi fandtioned iad the autho- 
catia at . rity 
ss ) Epist, le piktee hei (de Pharm. Rat. sect, i, cap. 
nf ; Tab. 3. (co). El. Phys. Vili, 2. 29, 30. &% Note ad 


Boer: Prelect, t. ii. P. 194, 5. (dd) El, Phys. t, iii. g. 
#35-—9. . 
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_rity-of Galen ‘and .Harvey, have: fuppofed, that 
there. was! a quantity of air contained) between 
the lungs*:and the» thorax ;»:Hoadley (a) and 
Fales(‘b) ‘endeavoured to prove this point by ex- 
periment. Indeed fo prevalent was this opinion, 
even half a century'ago, that: Haller thought it 
neceflary to apologize for embracing: the oppofite 
fide of the queftion; his philofophic language on 
the occafion deferves to be quoted. ‘ Candide, 
“ nulla parte fui roboris diffimulata, adverfariorum 

_“ argumenta propofui; fuperat, ut oftendam, 
*€ cur ab iis aut auctoritatibus, aut \experimentis 
“ non paflus. fim me perfuaderi. ,; Neque eniin 
*¢ hic quid-quam valuit aut: preeceptoris: mei gra~ 
tia, aut adfinis mei, :adque eam ufque primam 
‘© illam Boerhaavianz. fententiz | propugnationem 
* fatis amici, Hamburgeri odium,' neque concer- 
‘© tationis; inde nate tedium; neque ulla; certe 
* caufa, mei diffentiendi. eft, preter, ea, quae 
* nunc produco, rationum momenta.  » Neque me 
‘‘ 'malus pudor. retinuerit. : Facile enim video fi- 
quidem contrariam mex opinionem : expenfam 
‘* preponderare ‘fentirem, veram me gratiam, 
“< finceramque laudem,:apud candidos’ virtutis 
<* eeftimatores meriturum, fi ex longo opere, 
ss ‘ quod | in zetatem durare_ velim, errorem etiam 

Bea  fero 


aie mm ; ; 
7" . cay ; 
‘ne . * na #. v4 ‘ 


“Yay Lr@ictes® on’ Respiration, baht bg Statical 
Bags v. il, p81. ne BSti wake Ls 
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“ fero adgnitum profcriberem.” (a) Many anato- 
mifts and phyfiologifts of the firft refpectability 
conceived. that they had detected fmall. pores. in 
the veficles of the lungs, which permitted a part 
of the air in them. to tranfade into the cavity of 
the thorax, between the pleura ;() but later ob- 
fervations have decided againtt the exiftence, cot 
thefe acai 


Note VI, 

_ The opinions of the moft learned amongft 
the ancients refpecting the nature and ufe of ihe 
diaphragm, are very remote from the ideas which 
we now entertain upon this fubject. Fabricius 
feems to have been the firft who clearly pointed 
out its mufeularity, and its great importance in 
the act of ' refpiration. (¢/ Some anatomifis, 
among others Senac(d) and Winflow, ¢e). from 
the connexion of the centre of the diaphragm 
with the parietes of the thorax and the mediafti- 
num, were led to fuppofe, that this part remained 
immovable, and that it was the fides of it only 
signe had their een i changed by the contrac> — 
| tion 

(a) Haller, viii. 2. 5. Dumas, #, iii. p. iL ON (by 
Boerhaave Prelect. t. v. pars. i. p.22. (c) Fabricii Op. De 


Resp. c. 8. ce. (ad) Mem, Acad, 1724, &F 1729.. 
(ce) Mem. Acad. 1738. | 
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tion of its mufcular fibres ; but Haller, and 
moft of the modern anatomifts conceive that the 
whole of the diaphragm is lowered during infpi- 
ration, (a) although it is generally admitted, 
that the degree of motion in the centre is lefs 
confiderable. 


| Note VII. 


The contetts of anatomifts on this fubject 
have been at leaft as violent, as refpecting the ex- 
ffience of air in the cavity of the thorax ; (6) 
Haller prefaces his account of the controverfy 
with the following remark: “ Multo plus de 
“ jiftorum, mufculorum officio dubitationis ab 
“omni tempore fuit, cumque acres inimicitias 
“ harum carnium aio mihi conciverit, accura- 
“'tias erit in hac queeftione verfandum : at in- 
--terim Jicéat, inter miferias vitee humane etiam 
** iftam deploraffe, potuiffe: ob res adeo ab omni . 
© utilitate propria, atque confervatione nofiri. 
“ remotas, -tantas iras, tantafque & tam acer- 
‘* bas nobis intentare lites.”(c)’ The older ana- 
tomifts generally fuppofed from the fituation and 
firucture of the intercoftals, that the externals by 
their contra@ion increafe the capacity of the 
eheft, and confequently ferve for infpiration, but 
that the internals on the contrary diminifh the 
pailetiiy’ Asay" ) Cavity 

(a) Haller, viii,.1.36, . + (4) Dumas, t. iii. p. 
4902~—6. — (e) Haller, viii, 1, 13, bl | 
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-eavity of the thorax. This opinion has been adopt- 
ed. by fome of the more modern phyfiologifts ; (a/ 

-{o late’ as the year 1778, Sabatier, both from 
_obfervations made upon human fubje@s who had 
‘received wounds in the thorax, and from experi- 
ments performed for the exprefs purpofe upon 
dogs, concludes that the a¢tion of the intercof- 
tals, both. external and internal, tends to con- 
tract'the cheft, and that they therefore belong 
to. the mufcles of expiration. (4) .The contrary 
opinion, that both fets of intercoftals ferve for 
infpiration, was firft ftarted by, Mayow ;(c) Hal- 
er ftrenuoufly defended it, and at prefent this 
opinion is generally received. He forms a com- 
_parative eftimate of. the increafe of capacity which 
the thorax receives from the action of the dia- 
_ phragm and. of the intercoftals.(d) The fame 
author. remarks, after Winflow and Senac, that 
the action of the intercoftals is principally ufeful — 
in thofe cafes where, from any accidental caufe, 
the contraction of the diaphragm is impeded. 


| From an accurate infpection of the {keleton, 
and from obfervations made upon the living 
body, 


3 ak as Hoadley’s Lectures, p. 8. (L) Mem. Acad. 1778. 
- Richerand, El, phys. p. 138. (c) Tract. quingue, p. - 
278, & seq. (d) Boer. Prelect.t. ¥. pars i, p. S495 
EL. phys, viii. 4. 6. ) } | 
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body, anatomifts are, for: the moft. part, agreed 
in fuppofing, that there is fome difference in the 
manner in which the funtion of refpiration is 
carried on in the male and female fex; the for- 
mer appearing to make more ufe of the dia- 
- phragm, and the latter of the mufcles about the 
thorax. (a) It is: fearcely neceffary to remark, 
that by this variation of ftruGure, the impedi- 
ments to refpiration, which would otherwife have 
been produced by a ftate of pregnancy, are in a 
confiderable oss po klaaniad 


Winflow feems to have committed a miftake 

in fpeaking of the opinion of Fabricius, refpect- 
ing the intercoftals; he fays, “ Ab aquapendente 
‘« (Fabricius) avoit dés )’an 1599, trés bien de- 
~“- montré, que les mufcles internes & externes 
“* concourent enfemble a la méme aétion, c’eft-a- 
“¢ dire, a lever les cotes.” (b) Fabricius himfelf 
employs the following words: ‘ Quapropter dica- 
“ mus nos mufculos externos intercoftales cofta- 
“ rum dilatare, internos’ vero contrahere, pluri- 
© bus addu@i tum auctoritatibus, tum rationi- 
© bus,” (¢) And again, “ Concludendun igitur 
“ eft externos intercoftales thoracem dilatare, in- 
“ ternos vero contrahere.” (d) Haller-has alfo 

Lut Ma . fallen 


taj Boer. Prelect. tv. p. ae () Mem. Acad. 1738. 
(¢) Fabricii, Op. p. 176. (a) Ditto, p.177. — 
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fallen into the fame inaccuracy with is to 
this aatlibi: Leah Eat hy Be ld 


<Heet ey ie 


"The, prem ile appears to have been 
on firft,, who pointed out the real caufe of the 
Anflux. of the air into the lungs, when the capa- 
city of, the thorax 1S increafed, (b) ‘Some good 
obfervations were alfo made upon this fubject by 
his contemporaries, Sylvius, (c) Borelli, (d) and 
-Mayow.(e) , Succeeding phyfiologifts for the moft 
part acquiefced in the. opinion of Boyle, though 
fome of them,. not contented with his fimple 
explanation, have perplexed by their fubtle. hy- 
pothefes, a. fubjeGt in itfelf fufficiently intelligi- 
ble. The. procefs is. briefly, yet clearly, de- 
tailed: by | Haller i in the following fentence. * Si 
pei pulmonem, & una. pectus, dilataveris, ut aer 
apt pulmonalium , veficularum in amplius fpatium | 
“« diffufus rarefcat, pro portione, qua is aer_at- 
“ ‘mofphera incumbente rarior fit, pro ea co- 
ns dumna aerea in eum pulmonem, defcendet, €0 
oS. _cclerius, 


(a) ‘El. phys. viii. 1.14. (b) Boyle's Works, v. i.’p. 
99. & seq. (c) Franc. de le Boe Sylvit Opera, p. 16. 
(d) De Motu Anim. P 2. prop. 82, 83. (e) Tract: quin- 
gue, p.271. & seq. (f) Baglivi Op, p. 454. Hoadley’s 
Lectures, p 12, Bremond, Mem, Acad, 1739, . 
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St ‘celerius, wns’ “differentia » Laicge ange ‘nnd 
 erit.* PIF Posipowmy oo ME closotrr itty 

‘The firft operation therefore is the expanfion 
of the thorax, ‘which is effected by mufcular icon: 
traction ; as'there:is‘no: air between the: pleure} 
the lungs actias' if! fafpended + in a. vacuum ;) they 
confequently: follow? the’ expanfion ‘of the thotax, 
and” the ‘external air rufhes into the’ veficles,:as 
into the partially: exhaufted: receiver of an‘ air 
pump, when ai communication’ is formed’ with 
the atmofphere.. » The air enters the. lungs: ibe- 
caufe they are. expanded; the lungs are not, as 
was formerly imagined,” pufhed’ open by the) force 
of the air craig into them. a 


“Note Ix. ye I a Due 
»Maaipé of jh older ence Sabra that 
the lungs were ‘endowed with a certain innate 
power of motion, by which the alternations of 
‘expanfion and ¢ontraétion might be carried on, 
-independently of the. change in the capacity of 
“the: ‘cavity containing them. “'They even attempt- 
‘ed to eftablifh this pofition by experiment; but 
in thefe leicninis there muft have been fome 
‘ | vallagy 


ry 1 
_ 


ec, He pie Ly. meen p. 15. 49, 50. 
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fallacy. . We’ know of no method in which ani- 
mal motion can be produced, except by thie/con- 
traction of the mufcular fibre, and though a 
mufcular: firu@ure in the veficleshas: been .con- 
fidently afferted, by. fome writersof emirience,/a) 
later. and | more /accurate: obférvations: have de+ 
cided: againft: its exiftence,, “Helvetius has’ even 
endeavoured to. prove, that’ the fibres which are 
obferved between the rings of the trachea, and the 
larger branches: of the: bronchia, : are not mufcu- 
— Jarj(b)> but! thein. ‘mufcularity> is: admitted by. 
Winflow, Haller; sand moft Other.eminent: anato- _ 
mifts. (c)': The lungs, im common with other bo» 
dies: compofed. of cellular. ‘texture,’ poflefsa de- 
gree of clafticity, by means cof which, “when 
ftretched beyond a certain limit, ‘they will re-act. 
and expel part of their contents. In the procefs 
of refpiration, however, they are entirely paflive, 
~ as’ they:always femain. in: ween ‘contaét with 
the. parietes: of the! thorax. bas snow egral ott | 
Yo anotiadislts “ody doitw vd i ibis eto wog | 
5 Netwithetlinddingy theft leering which 
bets very generally induced the ‘modern phyfiolo- — 
gifts to difcard ‘the idea! of motion, originating — 


ee oo 


fj ‘il } i eis " GARE OJ hin 
a Willis, foci ‘Rat. a *0. ba i Acer Phil. Trans. 
1671." Bremond; Mem, Acad. 1739. (lb) Mem. Acad. 


17382) 1.16. Pigveu's Anat. Sect. Q £ 133, Have Phys. 
wit, 2. 12. 
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in the lungs themfelves, it appears, from the fol» 
lowing pafflages in the Zoonomia, that Dr. Dar- 
win ftill adheres to the old opinion, as he dire@lly 
attributes their action.to a caufe independent of 
the contraction of the diaphragm or mufcles of 
the thorax. “ By the ftimulus of the blood ‘in 
*¢ the right chamber of the heart, the lungs'are 
* induced to expand themfelyes, and the peéto- 
“« ral and intercoftal mufcles, and the diaphragm; 
« adtvat the fame time: by their affociations with 
“ them.” (a) And again, ‘to thefe increafed 
‘* actions of the air cells, are fuperadded thofe of 
*€ the intercoftal mufcles and diaphragm, by irri- 
* tative affociation.” (b) | 


af M. Dit alfo tdpisi'ahe ‘fame opinion, 
and conjectures, that the lungs are pofleffed of 
an innate power of motion; he even expreffes 
his concurrence in the hypothefis of M. Bre- 
mond, who inferred from one of his experi- 
ments, that the contraction and dilatation of the 
lungs alternated with that of the thorax, and 
confequently muft depend a swe shay 
wai Ne mit hs Peed | 


“When the fares are removed from the bid 
and 


(a) Zoonomia, v. i. p. 40. LN Ab Ditto, v. ii, p. 50. 
fe) El, phys. t. iii. 440, 1 
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and the paflage into the trachea remains open, 
they gradually become collapfed, and are contract- — 
ed into a fmaller fpace than they occupied whilft 
in the cavity of the thorax. This has been ge- 
nerally .afcribed to the re-action of their elaftic | 
cartilages and membranes, which, in confequence 
of the preffure of the internal air, not being ba- 
lanced by any air between the pleure, had been,” 
while in the body, retained in a flate. of over- 
diftention, Boerhaave and his commentator Hal- 
ler, attribute part at leaft of this effect to: the — 
opiitradtion of the mufcular fibres of ‘the tra- 
chea and bronchia ; fa) but it may be obferved in — 
‘oppofition to fuch great authorities, that the con- 
tractile power of the lungs, remains for a long 
time after their removal from the body, and can- 
not therefore with propriety, be afcribed to. a 
_eaufe which mutt Gale with the vite uf the 
Patt | 


Note XK. 


ic, ationnens CASI of thefe ‘mufeles, wn 

of the effects produced upon the thorax by their. 

contraction, will be found in Boer. prelect. t.v. 
pars i. p. sabi 144, and Haller viii. 1. 417—31. 

en , ae | The 


(a ) Boer. prelect. t, v. parsi.p. 6. . 
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The moft eminent anatomifts have differed in 
opinion, refpecting the degree of motion which 
the ribs exercife in refpiration ; while fome au- 
thors, with Borelli (a) have conceived. the: action 
of the intercoftals to be. effential, others have ad- 
duced inftances. in which the cartilages of the: 
ribs were completely offified, without any confe- _ 
quent.impediment to this function. (b)., It is alfo 
acknowledged, that, in the moft accurate obfer- 
vations and experiments upon the living. body, 
the motion of the ribs was fcarcely vifible to the 
eye., Upon the whole, it:-feems the moft probable, 
that they are nearly at reft i in ordinary refpiration, 
but that. in the moft violent actions of the tho- 
rax, or in cafes where the contraction of the dia- 
phragm is impeded by. accident or difeafe, they 
are employed, to. compenfate for, the. deficiencies 
of this organ, But though there has been fome 
_ difference of opinion refpecting the degree of 
the motion of the ribs, and the occafions on 

which 


/a) Borelli, p. i. prop. 84. (lb) Winslow Mem. Acad, 
1738; Fabricius de Resp. c. x. sub finem; Haller quotes 
Cheselden, osteog..c. iii. as recerding fome cafes where no 
injury was produced to the refpiration by anchylofes of the 
ribs; but t this appears to. be an overfight ; Chefelden fays, 
« I have twice found them” (the cartilages which join the 
ribs and fternum) “ totally offified in men between 40 and 
« 50 years of age, both of which died with a great difh- 
_ “* culty of breathing.” 
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which: iti is exefted) it is sunanimoufly; acknow- 
ledged, that.the mechanifm of their articulations: 
is peculiarly admirable. .: According to the: obfer- 
vation: of Bellini,»the thorax is. increafed in) all. 
its) 9 nei enueitiss its figure remains. unchang~ 
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“The: authors \who. have. nea abl nha 
witb ‘the moft accuracy are, Borelli, p.il. prop. 
8195. Senac, | Mem. Acad. 1724. Winslow, 
ibid. 1720 & /1738.. Boer. Instit. §. 615 3° pre- 
lect. passimi Haller, phys. lib, viii. passim. Du- 
i i neve ti shies idborseias | Apa Se cag 
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sade account | of vt. various. eftimates | which 
were | formed’ bythe: older. : Pphyfiologifts may be 
founder: sia El. phase vill 4: 6. 19, ogagiadh 
Wit dibs tate hig AE ct ad 

Pele, ‘g eiain were inte Si ‘from. tntnad 
oi had , died. of difeate, the: capacity. of, the, 
lungs after hanging he. found to be: confiderably 
greater s “the | ‘average taken’ from experiments 
. made 
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made! upon three bodies, was 260 cubic inches). 
‘The author, however, obferves, that fear always 
produces a deep infpiration, and-that on this ac- 
count; injconfequence of, the. peculiar cireum- 
ftances’ of-their, death, their lungs would) be in a 
ftate of ‘extraordinary, diftention./a) |) Mr. Cole- 
man, on the contrary, from an éxperiment made 
for ‘the exprefs purpofe ‘upon a ‘dog, concludes, 
that/after hanging, the lungs contain only a very 
{mall quantity of air:(4) During the» violent 
ftruggles iwhich ‘precede: death, he fuppofes that 
the animal'retains the power of expelling air from 
the trachea, though:the preffute of the cord 'pre- 
vents any) ftom» being received... My friend Dri 
_ Skey,) in order to obviateithe apparent contradic- 
tion between Dr., Goodwyn’s:and Mr. Coleman’s 

experiments, fuggefted that. the langs: of aman 
after hanging muft contain more than their ufual 
quantity of air, becaufe from the effets of terror, 
a full in{piration would be made immediately be: 

fore death,: and, the air thus received muft be, for 

the moft ‘part, retained) by. the. prefltre of: the - 

eord, while: in an animal unconfcious:of its ‘ap- 

proaching fate, it will: bera matter of accident 
whether’ the lungs were in/a:ftate of ‘infpiration’ or 

aaron at. tte moment of: ining “But I think 
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that this idea,“tliough ingenious," is fearcely fuf- 
ficient to remove the difficulty.. The capacity of 
the langs in the three criminals examined by Dr. 
Goodwyn, coincides very nearly with the eftimate 
- of the ordinary: capacity of the thorax, deduced 
from) another method of calculation.» We muft 
therefore either fuppofe, that in ‘hanging, the com- 
preffion of the trachea is produced fo fuddenly as 
to retain the thorax in its ordinary ftate of diften- 
tion, or if we conceive that ‘an additional quantity 
of air is received’ from the effeéts’ of ‘fear, we 
muft conclude that it is expelled at the moment 
when the fenfe of fuffocation firft ‘begins to be 
experienced, but that the: paffage being almoft 
inftantly clofed, prevents the farther evacuation 
of the lungs. Upon the — Tam weird to 
Hise latter eho rts i botiemgth ow xe 

rey heed py ovtk " menbon Giikit “ata 

With refpeet to Mr iirc s opinion) he 
cai us that this): experiment was often’ re= 
«© peated, and fometimes fearcely any air could be 
‘vexprefléd from the lungs.” Invall inftances, 
the quantity of-air that remained was very in: 
66. confiderable.” ;; The: uniformity: of the ‘refults 
feems fearcely compatible with Dr. Skey’s fuppo- 
fition.| ; Mr. Coleman: ftates: the following propo 
fitions among the general conclufions which he 
deduces from: his experiments. 


wy 
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«96. That where refpiration is fufpended, 
“ from ordinary hanging, the animal has the 
‘© power of expelling air from the lungs, 
«97, That although the mufcles of expira- 
* tion perform their office, no power can be ap- 
“ plied to open the trachea to admit air. 

«98, That as no air can be received, the 
‘© animal dies with the fame collapfe, of the lied 
“from ett as from drowning.” | 


Tn spats ath shi cisplatin ‘of the dioctnil in 
its different ftates of diftention, Mr Davy. remarks 
that, “Dr. Goodwyn, in: his excellent work, on 
«the connexion of life with refpiration, has de- 
tailed fome experiments on the oapaeity, of the 
“ lungs afier natural expiration. He makes the 
« medium capacity of the lungs about 109 cubic 
-“ inches, which agrees very well with my eftima- 
a: tion.’ ’(a) But this {tatement of Dr. Good- 
wyn’ 's opinion is not correct ;.in the part to which 
Mr. Davy refers, Dr. Goodwyn. fays, “* we fhall 
“ for the prefent. adopt the medium: quantity of 
- thefe latter experiments, and fay that the lungs 
© of the human fubject contain 109 cubic inches 
of air after complete expiration.” (b) 

ae Note 


(a) Researches, p. 4}1. | (b) Goodwyn, p. 27. 
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1 haves fixed ater quantity’ of air which’ can 
be expelled from the lungs, after an ordinary €x~ 
‘piration, at 170° cubic inches, becaufe this is’ 
nearly the average’ of the eftimates which have 
been given by different authors; and alfo “be- 
caufe I find, that it coincides with fome trials 
which I have myfelf made upon the lungs’of dif: 
ferent individuals. The opinion ‘of Mr. Kite on 
this fubject, feem to be evidently incorre@. «I 
“find,” he fays, “ by repeated experiments, 
“* that a perfon in health, and in a ftate of per- 
“© fe reft, ufually refpires about 17 cubic inches 
“© of air; but, at the end of the expiration, there 
“s ftill continues’ in’ the lungs 87 cubic inches,” 
‘&c. (a) From the above quotation ‘it appears, 
that he either entirely overlooked the quantity 
‘which we are now inveftigating, or confounded it 
‘with the air isl age Ph aries ere 


\ 
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’ Mr. Davy imdbad sreinihe that “as moft 
“ gafes, though of? different fpecific gravities 
* when brought into cee with: each other, 

| -affume 


Uy it (a) Bssays, p. 47 .: 
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‘ affume fome fort! of union, it is mare than 
“ probable, that gas infpired into the lungs, from 
“ being placed in contact with’ the residual gas 
on fo extenfive a fur face, muft inftantly.min- 
“* ple with it.”/@) But in oppofition to this 
argument, we have the’ direct experiments of M. 
Jurine, who found the carbonic acid to exift in 
very different proportions in the different’ parts of 
the bronchial veftéls. (6) Yet the gafes naturally 
contained in the lungs, poffefs many circum- 
ftances favourable to their equable diffufion, which 
would not operate in the cafe of the ‘hydrogene 
_ refpired by Mr. Davy. The perpetual motion 
which the lungs experience, the gradual _pro- 
duétion of the carbonic acid, the length of time 
during which it remains in contact with the 
other gafes, would all tend to promote its uni- 
form mixture with them. It may likewife be 
remarked, that carbonic acid, though confidera- 
bly heavier than the conftituents. of the atmo- 
fphere, differs lefs from them in fpecific gravity 
than: the hydrogenous gas. From the experi- 
ments of Fontana, we learn alfo, that hydroge- 
nous gas, even when mixed in a glafs jar with 
oxygene or common air, does not. diffufe itfelf 
equally through the yeffél, but remains in a 
_ greater 


(a) Researches, p. 506-7. fb} Ene. Meth. Medegine. 
£1. p. 494. : 
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greater proportion in the upper .part of it. (a) 
Dr. Higgins informs us, that when an animal is 
confined for fome time in a jar of air, the carbo- 
nic acid is found to exift.in greater quantity in 
the lower than in the upper part of the veflel. (b) 
In the two experiments on the refpiration of hy- 
drogene, related by Mr. Davy, there is a differ- 
ence in the refults of about x part ; (c) when 
the larger quantity of hydrogene was employed, 
the capacity of the lungs appeared greater, be- 
caufe a larger. quantity of the gas being forced 
into the veficles, a greater proportion of the re- 
fidual air was neceflarily expglieds 


With refpect to Mr. Davy's_ eftimate of a 
fingle infpiration, although in the experiments 
made with the mercurial apparatus, he fixes it at 
13 inches, in another part of the effay, he in- 
forms us, that his lungs in a ftate of natural in- 
fpiration, contain 135 inches, and of: natural ex- 
piration 11g inches ; but the difference between 
-thefe quantities, which will meafure the bulk 
of a fingle infpiration, is 17 cubic inches. (dq) 


Note XK Wain), Unie eng 


Borelli remarks, that both from the fhape and 
texture 


(a) Phil. Trans. 1779. p. 358. “(b) ae rales of a So- 
ciety, Ge. p. 136.  (c¢) Researches, p.402--6.  (d) Re- 
searches, p.410. ° 
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texture of the bronchia,, and the manner in which 
the diaphragm. adis, it is\evident that the Jungs 
cannot expel nearly all the air which they con- 
tained./a) Haller conceives.it impoffible that the 
Jungs can be contracted even to one half of their 
natural ‘dimenfions, ‘unlefs. when removed from 
the thorax, and deprived of air by. the elas 
of bo seshige 8 (yy " 


Note XVI 


The. omits twhich water hash to Saari the 
adie. ftate, when it is freed from external pref- 
fure, is well illuftrated by M. Gay-Luffac (c)' and 
by Mr. Dalton(d). in»their refpective effays upon 
the dilatation of the gaffes. From the. experiments 
which were performed by many of the older phy- 
fiologifts upon different animal fubftances placed 
in the yacuum of the air-pump, we learn, that the 
blood and the mucous fecretions poffefs the power 
of ext ricating g gas in a | much Aa 2 apse than 
water, Bf Omi. 


Ld , « : 
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Fitaiks method of f explaining the refults of Mr. 

hs pein Ns he 1 eoletan’e g 

uy Da Ndi Animt 9 2. prop. 94. Cb) Pais villi. 40014. 
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Coleman’s experiments was, Dbelicve,'firtt point- 
ed out by:Mr,’ Allen in his lectures. leyniby, aif 


be ‘Note XVIII. 


In eftimating the bulk of a fingle infpiration 
at 40 cubic inches, I haye been principally in- 
fluenced by the experiments of Dr. Menzies, as 
they appear to be the moft accurate in their exe- 
cution, the leaft exceptionable with refpect to the 
nature of the procefles employed, and the moft 
nitmerous and varied of any that» have been | per- 
formed upon this fubject. In favor’ of this opinion 
we have alfo the authority of Jurine, Sauvages, (a) 
Hales,/b) Haller,(c) Blumenbach, (d) Chaptal; (e/ 
and Bell;(f) Richerand, /g) alfo eftimatesthe bulk 
ofa fingle infpiration at between 30: and 40 cubic 
inches, and Fontana (h) at 35. igotoa 


é Note XIX. itt 


There is fearcely any opinion in phyfiology, 
however abfurd it may at firft view appear, which 
has not found fome’ fupporters ; and accordingly 

| _ , it 
. (a) Haller, viii. 4. 6. a) Statical Essays, v. i. ps 
238. (c) El. Phys. viii. 4. 6. (d) Instit. Phys. p. 
118.) | Ce) Chemistry, ve de pe 133. (f) Anatomy: v- 
ii, p..:198. (g) Phys. pe 147-5 (hy Phil. Trans. 
1779. p. 349. 
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it appears that arguments have been urged to prove 
that the foetus breathes whilft in the uterus, 5 an 


- Note XX. 


_ This i is the hypothelis ras is vanced ‘im 
Haller, i in the El. Phys. Vili, 5, 23 in his notes 
upon Boer haave, which were publithed at. an 
earlier period, he fuppofes that the firft refpiration 
is produced by. the cry, of the animal, in confe- 
quence of the unpleafant, feclings which it expe- 
riences immediately after, birth, from cold, pref- 
fare, &e., (b) . This, however, cannot be confider- 
ed as any explanation of the phenomenon, as it is 
evident, that there muft,have been a previous in- 
fpiration before the cry, could aNe been produced, 


Note XXE,, 0! 10 tom 


of confider an inftinétive action to. be one which 
is attended. with fenfation, and. direéted, to fome 
ufeful. ‘purpofe, . but, which. has, been | derived 
neither, from. experience, obfervation, nor. sradi- 
tion. venrst tell 


i ELS ; y h 0 by Fy Pu } f 


“ai 7 fa “dick XXII. thei 
+ Thoughit it 1s sundefirable to decupy the attention 
Mr @2xneDsat da, NoQwviod bayer with 


CUA Faller, xxix. 4.54; Whytt on Vital Motions, sect. 
9. Boyle's Works, v.i. p. 110. (4) Prelect. t, y. p. ii. p, 456. 
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withjexploded theories, yet as.a part of the hiftory 
of fcience, it is in some degree neceflary, and-in 
many cafes highly interefting, to take acurfory view 
of the do@trines that have been fupported by men 
of celebrity, and which for a time have enjoyed a 
thare of popularity. For this reafon I fhall fub- 
join’ a fhort fketch of feveral different’ hypothefes, 
that have been formed to” account for the firft in 
fi piration, and for the fubfequent < alternation of in- 
fpiration and expiration, befides thofe, which, in 
confideration of their own fuperior merit, or the 
more diftinguifhed celebrity of their refpective 
authors, I have thought gd ci to admit i into othe 
body 4: Be high stalin | | 
; RET TER aS 
Mth fuel to the eaufe of the com- 
mencement of refpiration; . “ 


' Borelli imagitied that the ‘blood’ in ‘its paffage 
sorkens the lunigs, ‘Teceived from the’ air ‘certain 
particles, which’ by cominianicating toita vibratory 
‘6r ofcillafory’ motion, ‘adapted’ it “for the! purpofés 
of life, and rendered it proper for fupporting ‘the 


circulation. The blood of the foetus, he fup- — 


pofed, acquires thefe particles from the blood of 
the mother, but) that) as. foon ‘as’: the: communica- 
tion is deftroyed between them, it becomes ne- 

. eeflary 


Note 22. sh 


ceffary’ for the: fame ation to be performed ‘by 
the lungs of the young animal itfelf. /a) 


Pitcairné: conceived it to be a general law 
of the animal ceconomy, that a mufcle which is 
without an antagonift,- muft perpetually undergo 
an alternation of relaxation and contraCtion, and.as 
the force of the mufcles of infpiration fo far ex- 
ceeds that of the mufcles of expiration, he con- 
fiders the diaphragm and intercoftals as without 
antagonifts, and applying his general hypothefis 
to the peculiar café of the action of the thorax, 
he fuppofes that the alternate action of the 
diaphragm muft commence immediately after 
birth. (2) 


Petit conjectures, that the animal fpirits are, | 
from the firft exiftence of the feetus, flowing 
downwards into the mufcles of refpiration, and 
tending to produce their contraction; but that 
in confequence of the preffure which the animal 
experiences while in the uterus, thefe mufcles are 
not at liberty to aét. As foon however, as the 
pofition of the new-born animal permits this ef- 
fect to be produced, the thorax becomes enlarged 
from the contraction of the diaphragm and inter- 

, coftals, 

(a) De Motu Anim, pars ii. prop. 118. | (L) Dissert. 

p. 62. | 
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coftals, and the ait cs Bl rathes into the | 
veficles. /a} 


| criss tinayeriiaaptnds it a fufficient folution of 
this difficulty to flate, that the foetus. in the 
time of birth, in confequence of its. ftruggles, 
puts all its mufcles into action, and among others 
the diaphragm. From this caufe the thorax be- 
comes expanded, and the air rufhes into it; the 
blood then flows through the veflels of the lungs, 
and refpiration ever after procéeds as in the 
adult animal. (4) 


The method lle by Dr. Hartley to 
account for the commencement of refpiration, 
bears a confiderable refemblance to the hypothe- 
fis of Boerhaave. He fuppofes that refpiration 
and crying are excited in the new-born child 
from the cold, handling of the midwife, and 
other vivid fenfations, impreffed immediately upon 
its coming into the world. Thefe fenfations tend 
to throw the whole fyftem of mufcles into action, 
and in-thofe cafes, where there are antagonitis, 
the ftronger will overcome the weaker, and 
contracent will be pat bit produced in 
them. (c) | 

ALcomtee 


fa) Mem. Acad. 1733. ~ (b) ‘Instit. §. 691. {c) Ol- 
servations on Man, v, i. p. 95. | 


Note, 22. 183 


According to M. Buffon, when the. animal 
leaves the uterus, the air acts upon all the. -or- 
gans, of fenfation, but particularly upon the olfac- 
tory: nerves. They are, by this, means ftimulated, 
vand the/animal makes.an attempt to. fneeze ; the 
cavity of the; cheft is. thus enlarged, and. the. air 
hhas\liberty, to flow into the lungs, andthe veficles 
‘become dilated... But the, air which is received 
into them has.its temperature. increafed, and being 
expanded, caufes the re-action. of the fibres. of 
the veficles, which. forces . it again out of the 

cheft. (a) 


Prof. Blumenbach fuppofes, that upon the 
fioppage of the circulation between the mother 
and the foetus, a fenfe of fuffocation is experi- 
enced by the latter, This circumftance, toge- 
ther with the external cold, and. the other.new 
ftimuli to which the body is expofed, caufes a 
variety of motions to take place, and among 
others the dilatation of the cheft, and thus pro- 
duces the firft infpiration. (),. 


2. With refpec to the. immediate caufe of 

the fucceflive alternations of infpiration and expi- 

ration ; 
Some 


fa) Nat, Hist. t. ii, p.44G.  (&) Instit, Phys. p. 117 
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Some of ‘the attempts that have been made to 
refolve this problem, as thofe of Willis and Pit- 
cairne; have proceeded tipon the affumption of 
principles, altogether inconfiftent with the aQual 
laws of the animal ' ceconomy. The’ former’ of 
‘thefé ‘authors conceived, that during mufcular 
‘¢ontraction; the animal fpirits are conveyed from 
the tendon to the fibres of the mufcle itfelf, and 
| in the fubfequent relaxation return into’ the ten- 
don. In the animal fun@ions this operation is 
fuppofed to be under ‘the power of the will, but 
in the mufcles fubfervient to the natural funtions, 
the changes are effected independently of the 
will, in regular alternation. He attributes the 
difference in the operation of thefe parts, to the 
origin whence they derive their nerves, which in 
the ' former cafe proceed from the cerebrum, and 
in the latter from the cerebellum. (a) 


Pitcairne imagined that all mufcles which are 
without antagonifts, are neceflarily in a perpetual 
ftate of alternate contraction and relaxation, an _ 
effe& which he afcribes to the interrupted influx 
of the animal {pirits into thefe mufcles, in con- 
fequence of the alternate compreffion which the 
brain experiences from the, dilatation of the 
arteries, (a) 

The 


(a) Pharm. Rat. p. 18. (L) Dissert. p. 62. 
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* The learned mathematicians Borelli and Bel 
lini, fimply ‘ftate the neceffity of this regular 
action to the exiftence of the animal, and ap- 
pear to’ reft fatisfied a pointing ‘out its final 
caufe, pisces . a 

: Other sntslogitt have endeavoured to ac- 
count for the phenomenon, by fome circum- 
fiance in the ftructure, or mechanical ation of 
the thorax, or of the parts contained in it. Dr. 
Martine explains the action of the organs of 
 refpiration, by fuppofing, that the lungs, when 
in a ftate of diftention, comprefs the phrenic 
nerve, and thus produce a relaxation of the dia- 
phragm and intercoftals, to which thefe nerves 
communicate fenfibility. (2) 


A peculiar theory was adopted by Boerhaave 
to explain this phenomenon; he imagined that 
in the ftate of full infpiration, the lungs were fo 
much diftended as not to permit the blood to be 
tranfmitted through them with its accuftomed 
facility. Lefs blood will therefore be received by 
the left ventricle, and confequently lefs fent to 
the cerebellum, and to the nerves which are dif- 
tributed to the organs of refpiration ; hence arifes 

| _a deficiency 


(a) Borelia, p. ii, prop. 117. Bellini, Lem. 18, (tb) Edin, 
Med, Essays, 0; 1. 
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a: deficiency of the aélion of thofe parts, and a 
confequent relaxation of the mufcles - which 
ferve to increafe the fize of the thorax. . The 
diftended flate of the thorax being removed, the 
blood has liberty to flow freely into the left_ven- 
tricle, and is confequently fent in its proper pro- 
portion :to the cerebellum, it therefore excites 
the mufcles of infpiration to contract, and brings 
back the lungs to their former condition. (a) 

Dr. Hartley applied his do@rine of sia 
tions to the folution of this problem. He con- 
ceives that his peculiar theory explains in an 
eafy manner, the propenfity to alternate contrac- 
tion and relaxation, which is obferved in many of 
the mufcles, and upon this general principle, he 
‘endeavours to explain the action of the dia- 
phragm; he -however attributes the effect in 
part to affociation or habit, and in. part alfo to 
impreffions made upon the pleura and perito- 
num, exciting vibrations in them. which are 
communicated to the diaphragm and mufcles of 
the abdomen, (Oy 


1 have ftated the. mite of Profeffor. Blu- 
menbach, refpecting the caufe of the firft infpi- 
ration ; 


(a) Instit. §. 619, 620. — (b) Olserv, on Man, v. i. p. 96. - 
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ration ;’in.confequence of this action, the lungs 
become dilated, , and) the blood flows. through 
them... The,air and the blood then at upon each 
other,.and the former of thefe fubfiances under- 
goes that, peculiar change, which renders it un- 
fit for the farther fupport.of, life. It is then dif- 
charged. from the lungs, in. confequence of the 
efforts of. the vis ,medicatrix nature, natura 
“*-medicatricis conaminibus,” and makes room 
for the influx of a new portion of air. /a) 


Dr., Darwin has not formally propofed any 
hypothefis, to. account for the alternations of 
refpiration, but it, may be inferred from fome 
expreffions in the Zoonomia, that he confidered 
the actions of infpiration and expiration to fuc- 
ceed each other in confequence of aflociation. 
‘To'this explanation of the phenomenon, it: may 
be objected, that according to the definition of 
the auther himfelf, a complicated feries of actions 
ean only become affociated together “ by habit ; 
“ G.e. by frequent repetition.” (a) But the 
young animal, from the firft inftant of its birth, 
poffefies as complete a power over the mufcles of 
-refpiration, as. it ever acquires during the courfe 
ef its exiftence.. Thofe cafes, in which for a 

few 


fa} Instit. phys. p.il7. Ch) hoonomia, v.i. p. 13, 
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few moments, a difficulty has occurred in the 
commencement of refpiration, are to be referred 
to a mechanical obftruction in the trachea, pre- 
venting the accefs of the air, or to fome. other 
accidental circumftance, | for they are by no 
means of frequent occurrence, and they are in 
general immediately relieved by a change of pof- 
ture, or by the removal of mucus from the fauces. 
The ations which are acknowledged to be com- 
pofed of a number of affociated motions, fuch as 
dancing, or playing upon a mufical inftrument, 
though many of them lefs complicated than the 
act of refpiration, can only be acquired by long 
practice, and by repeated oe of attention. 


Note xu. 


The celebrated Harvey, feems to have been 
the firft who ftated, that the action of the heart 
and lungs are totally independent of each other. 
He however imagines, that the paflage of the 
blood along the pulmonary vefiels, is s afiifted by 
“the motion of the thorax. (a) ie 


The connexion which ‘was fuppofed by i@itie 
of the older writers, to exift between the motions 


of 


(a) De Motu Cord: p. 11.71.77. 
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of the heart and the’ diaphragm, depended upon 
the firuGure or mechanical action of thefe organs. 
The learned authoriof the Zoonomia, who has 
adopted the idea of this connexion, has deduced 
it’from that general law of the animal ceconomy, 
by which motions that are frequently repeated in 
fucceffion, “acquire'the power of recurring in the 
fame ‘order, independently of the original excit- 
ing’ caufe. Dr. Darwin obferves, that .* innu- 
“ imerable trains or tribes of-other motions are 
“ affociated ‘with thefe mufcular motions which 
are excited’ by irritation ; as by the ftimulus of 
the blood in the: right) chamber of the heart, 
the lungs. are induced to‘expand themfelves.”’(a) 
But it ‘may be*remarked, in oppofition to this fup~ 
pofed ‘affociation, between’ the motions of the 
heart and: the lungs, that in’ the foetus the heart 
commences its contractions immediately upon its 
formation, while the lungs remain’ ‘perfe@ly ‘at 
reft,)° When the ‘animal leaves the uterus, the 
motion of the lungs‘commences; but the ‘periods 
of the contraction of the diaphragm bear no de- 
terminate ratio to thofe of the fyftole of the heart. 
“The frequency of the pulfe is often'‘increafed or 
diminifhed far beyond its accuftomed ftandard, 
while little alteration is produced in the motion 
VAD , of 


tal 
mn 


fa) Zoonomia; vol. i. p40.’ 
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of the diaphragm. The’ ation. of both. thefe 
organs, however, depends upon the quantity and 
the quality of the blood. tranfmittéd. :to.ithem, — 
and any affection of this fluid, will’ of ‘courfe in: 
fluence both the circulation and the: réfpiration: 
Thefe funGions alfo both depend ultimately 
upon the contraction of the mufcular fibre, and 
are therefore equally liable: to,experience.an:.al-+ 
teration, from any circumf{tance which affects the 
fiate of the irritability or: the fenfibility.,of the 
fyftem.: But. it is obvious: that thefe:.changes, 
though: contemporary and. proportional, do; not 
depend upon: affociation;'they:aré produced) by 
an affignable caufe, operating directly upon éach 
feparate: organ, ‘diftinét’ from: the effe@s of :repé- 
tition or -habit:; Were it. not foreign. to my-pre- 
fent| fubje&t, it would mot, I. think,| be,difficult 
to fhew, that a fimilar objection may)-be, urged 
againft many, parts, of the phyfiology andi patho-— 
logy of the. Zoonomia, :and: POU CUBET Ae eave 
the. ee Pring of, ovens: ul sat Yo mottom 

‘nee, Hiiien staipdies sie Suititness of sigs 
Seiichi or, ailociation,. betiveen the motions of 
the heart and the lungs, (a). andthe’ fame’ aig 
appears to be adopted by Drs: Currie. rs b) i 
: ‘Note 


fa) Hunter om the Blood, p. 54... 9 (4) Med. Reports 
p. 7s. 


\ 
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> Helvetius, Senac, Winflow, &c. Boerhaave, 
however; conceived: thatthe lungs were ren- 
. dered’ lefs capable: of tranfmitting the blood) dur- 
ing the ftate of full infpiration, and from the fup- 
pofed effects of this retardation, he deduced his 
hypothefis to account for the alternations of 
‘tefpiration. fe) D DMS, SHIAMIRTND 

laqorg, a7 ‘Note XV: 

The Mie sal ARIE exhibited by Hetike; 
before the Royal Society, in which, after the mo- 
tion of the heart. had-ceafed; it was reproduced 
by inflating the lungs, has been adduced to 
prove, that\by infpiration the lungs are rendered 
‘pervious to ‘the blood,'(@) but: it muft!:be confi- 
dered that in this cafe, the thorax:was laid en- 
'tirely ‘open, and confequently, when the lungs 
were not forcibly diftended, they would :collapfe 
{o much as almoft entirely to obliterate: ‘the ‘cavi- 
‘ties of. the bronchia “Wy velicles. Sysery 

“Note XXVI! 

 Morgagni, relates a digs in. which upon’ ex- 

amining 


(a) Haller, viii. 4. 12. 
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amining after death, a confiderable quantity of 
ferous fluid was found in the cavity of the tho- 
rax, yet the pulfe had not: beef previoufly af- 
fested,:nor had any impediment to, the circulati- 
on been mevoeiine ater the life ai ay patient. (a) 


eis. hooubvb ail Note XXVIL. 

The baepe teal and auicaacbaies of Mr. 
Coleman, upon the impermeable ftate of ‘the 
lungs in drowned animals, will more proper- 
ly fall under our confideration in a fubfequent 
part of the mir ‘ogre Lommdale od't 


7 - - 
af>7} } : s -¢ cit - 
‘ F ; n 
via Pra J 4 
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boro sccnikiocgaoeeeal ‘that nett in any 
accidental caufe, a portion of the. cranium. is re- 
‘moved) an alternate» ¢levation and depreffion of 
‘the lbrain is vifible to the eye, .correfponding 
with expiration and infpiration. | ‘This effect has 
een attributed to the tefiftance which, the blood 
experiences to its paflage’ through the Jungs in a 
ftate of expiration ; a ftagnation is thus brought 
about in the right fide’of,the heart, aud confe- 
| ey a tel free GHOHBIE? on the veins, on 


weft .diso & edialot . ron »which 


/a} Seats and causes of Diseases, v.1. p. 408, 9. 
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which account, in a highly vafcular part, an in- 
' creafe of . bulk will be produced ; this is removed 
by the depletion of the veins, when the langs 
from the enlargement of the thorax become again 
more completely pervious to the tranfmiffion of 
the blood... There feems no reafon to doubt that 
this phenomenon has been occafionally obferved, 

and it is probable that it depends upon the caufe 
affigned above. But it muft be remarked, that 
in thofe inftances, in which fo great an injury is 
‘received by the cranium, the refpiration is ne- 
ceffarily rendered laborious, the air is received 
into. the lungs. after long intervals, and confe- 
quently in an increafed quantity. (a) 


Note XXIX, 


It has been atked, why are the lacteals fur- 
nifhed with valves, while the veins which pafs 
along the fame vifcera, and are conveying their 
contents in the fame direction, are not provided 
with them. . One caufe of this difference in 
firuciure is obvious; the chyle, not being poflef- 
fed of any vis a tergo when it enters the lacteals, 
is propelled along them folely by the contraction 
of their mufcular fibres, and the effect of this 

0 neort mufcular 


(a) Haller, vi. 4.9; viii. 4, 11. 27: 


194 Note 30. 


mufcular contraction is’ evidently, increafed by 
the prefence of the valves. When, on the con- 
trary, the: blood enters the abdominal veins, it 
retains a degree of velocity which is fufficient 


to. carry it along them, and though its progrefs — 


might have been accelerated by the addition of 
valves, we muft conclude that its prefent velo- 


city is the beft adapted to the wants of the fyftem.. 


Note XXX. 


-> I confider the abfolute neglea& into which 


the works of Mayow had fallen in this country, 
until they were again brought to light about 20 
years ago, as one of the moft curious circum- 
fiances in the hiftory of modern fcience. He 


lived at a period when the cultivation of natural 


philofophy was beginning to be popular, and 


after it had been fanctioned’ by. feveral illuftrious 
examples. » The atmofphere had alfo been’ made 


a particular object of attention, and the difcovery _ 


of the air-pump had enabled Boyle and others 


to: make very important advances in the know- 


ledge of. its properties. Mayow’s flile is fuffici- — 
ently clear) and perfpicuous ; although: there are _ 


many hypothefes advanced in his effays, fome of 


which are founded upon the falfe philofophy then 
prevalent, yet they contain lefs theory and more 
experiments 
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experiments, than the writings of almoft any’ of 
his contemporaries. ‘The neglect of Mayow’s 
works will appear more fingular, when we con! 
fider, that they iffued from the prefs of Oxford, 
of which Univerfity he was himfelf a ‘member, | 
and that at the time of their publication, they 
appear to have been pretty generally read, and to 
have made ‘as much impreffion as could, at that 
period, be’ reafonably expected. They patted 
through three or more editions in the fpace of a 
few years, the whole or a part was republifhed 
on the continent, and they are frequently quoted 
by the phyfiologifts and anatomifts, who lived 
about the conclufion of the 17th century. By 
fome firange and unaccountable fatality, they 
afterwards funk into almoft complete. oblivion, 
and more efpecially i in his native country, they 
came at length to be abfolutely forgotten. He 
is only twice referred to by Dr. Hales ,(a) and 
then in’ fuch a manner, as to render it doubtful 
whether he ‘had feen his works, and in the dif- 
courfe delivered by. Sir John Pringle before the 
Royal Society, upon the affignment of Sir Gous 
frey Copley’s medal to Dr. Priéftley, which com- 
‘mences with a {ketch of the difcoveries that had 
been, made. in, the {cience of acrology, previous 

3 | RO Bite to 


ie. ‘Statical Can V.i, ee 234 és 236, 
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to the period when this philofopher entered upon, 
his experiments, the name of Mayow is not 
mentioned. (a). i 3 
On fe cophineni, although little eftimated, 
aan feldom referred to, his works were occafion- 7 
ally quoted, . and Haller in. particular, certainly 
appears to have. been. acquainted with them. 
They were firft again brought into notice in this 
country by Dr. Reinhold Forfter, who prefixed 
a fhort account of .Mayow’s doétrines, to his 
tranflation of Scheele’s effay on air and fire. 


The viciffitudes of Mach. reputation, pti 
a ftriking inftance of the tendency which exifts 
in the human mind, to fly from one extreme to. 
the oppofite exceis. When his works were thus 
brought before the public, his caufe was eagerly 
embraced by different writers, his merits . were 
exalted ‘tothe higheft rank, and it was afferted, 
that he had. anticipated the moft valuable difcove-. 
ries, of Scheele, Prieftley and Lavoifier. ( b)- But 
calm. inveftigation . of the fubject, will, I con- 


_ ceive, lead us to a very different conclufion. We 
| . hall, 


‘¢ a ). Discourses, p. 1—20. (b.) See particularly: Dr. 
Beddoes’s pamphlet, entitled, <* Chemical experiments and 
opinions, extracted from a work publithed in the laft 
“© century.! | 
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fhall, indeed, find in this author many marks of 
real and original genius, and it is evident, that 
on fome points, he extended: his views beyond 
thofe’ of any of his contemporaries. It mutt, 
however, be confeffed, that the real rdainion 
which he made to the general ftock of know- 
ledge was not very great. He endeavoured to 
prove, that there was fomething if the atmo- 
fphere, which was an immediate agent in the 
proceffes of combuftion and refpiration; \ but 
this had been long ago afferted by others, and 
when he comes afterwards to explain more in 
detail, his ideas refpecting the intimate nature of 
this peculiar matter, he evidently fhews that he 
had not any conception of the fubftance to which 
we now afcribe thefe phenomena. He is even 
doubtful, whether it forms an ‘effential’ part of 
the air, and upon the whole inclines to the nega- 
tive fide of the queftion. In order to account 
for the alteration produced in: the air’ by its ‘re- 
moval, he adopts an hypothefis to the laft degree 
fanciful, according to which it confifts in fome 
"Re aehanttat change in the configuration’ of its 
: particles, which principally operatesiin diminifhing © 
its elafticity. He imagines that this matter enters 
into. the compofition of the ‘nitrous, and other 
-acids, and that it gives them the peculiar proper- 
~ ties: which belong’ to this: clats of bodies, but he 
alfo 
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alfo fuppofes,, that. the fame fubfiance-is a compo- 
‘nent part of the alcalis, and, is the immediate 
caufe of their caufticity, and thus decifively proves 
that he had. no accurate conception of the mo- 
dern doétrines refpeting the conftitution of acids. — 


As to the fubject of refpiration in particular, 
when {peaking of the ation which the air exer- 
cifes upon the blood, he has recourfe to the ex- 
ploded doétrine of fermentation 5 he fuppofes that 
the particles of the air and of the blood, when 
brought. into contact, are. rubbed. againft each 
other, in confequence of which, the former are 
deprived of that: fpirit. to which they owe theit | 
elafticity. I think that, an attentive perufal of 
Mayow’s works will convince. the difpaffionate 
reader, that there is no fubftance which has been 
difcovered by the modern chemifts, that can per- 
form the various effets which are attributed by 
this author to his nitro-aereal {pirit. 


Perhaps the moft important of Mayow’s ob- 
fervations, are thofe refpecting the mechanifm of 
refpiration, and_ particularly | the very decided 
manner in which he ftates that the external and 
internal intercoftals are equally fubfervient to the - 
enlargement of the thorax. The ingenious ex- 
periment, however, where the action of the lungs 

is 
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is illuftrated by comparing them to a bladder in- 
clofed ina pair of bellows, though brought for- 
wards by Mayow as original, (a) is mentioned 
by Boylé in the moft explicit manner, as what 
was already familiar to. every one, and the con- 
clufions which he deduces from it, are precifely 
fimilar ‘to thofe formed by Mayow.(b) | There 
“is one department, where the genius of Mayow 
was peculiarly fuccefsful, by which, it is proba- 
ble, he might have materially promoted the ad- 
-vancement of fcience, had a greater degree of 
attention been beftowed upon his writings; I 
refer to the contrivance of his apparatus and the 
execution of his experiments. In thefe refpedts 
he may be confidered as far excelling any of his 
contemporaries, and as at leatt equal to any che- 
mift before the time of Scheele and Prieftley. 


In forming an efiimate of the merits of 
Mayow, it is eflential to obferve, that a theory of 
-combuftion, almoft precifely fimilar to that adopt- 
ed by this philofopher, had been’ a few years be- 
fore publifhed by Dr. Hooke, of which ‘it is 
icarcely poffible that Mayow could have been 
ignorant ; it is however, not noticed by him. 
It appears, indeed, that Hooke has the advan- 
| pie Paha 2 a tage, 

(a) Tractatus quingue, p. a74, 5. (b) Works, vol. 
1, p, 101. . 
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tage, not only with refpeét to originality, “but 
likewife in the accuracy and fimplicity of his 
hypothefis. According to Profeffor Robifon, 
Mayow’s exhibition © of Hooke’s <dodirine 1s, 
-“ obfcure, complicated, and wavering, mixed 
‘¢ with much mechanical nonfenfe, of «wedges, 
‘and darts, and motions, according to the 
<< fafhion of the times. . Hooke’s conception of 
© the fubjeét, is clear, fimple and fteady.” ( a) 
Dr. Thomfon  paffes a fimilar judgment upon 
'Mayow; he bears ample teftimony to the ori- 
ginality and accuracy of his experiments, but he 
adds, that ‘his reafoning is for the moft part 
“ abfard, and the additions which he made to 
<¢ the theory of Hooke are exceedingly extrava- 
€ gant.”(b) Dr. Yeats has treated largely upon 
_the writings of Mayow, but has, in my opinion, 
very far over-rated their merit. He exprefsly at- 
tributes to him the difcovery of oxygene, and fup- 
' pofes, that he was accurately acquainted with all its 
properties. (c) M. Fourcroy has publifhed a can- 
did and judicious account of Mayow in the Enc. 
Method. (d) which was afterwards inferted in the 
Annales de Chimie. (e) In examining the writ- 
| ings 
(a) Black's Lectures by Robison, v. i. p- 535, 6. 
-¢b) Thomson’s Chemistry, v. 1. p. 347. (c) Olserva- 
tions on the claims of the Moderns, &c. p. 14, © alili. 
&d) Chimie, ¢, iil, p, 390. fe) ¢, Xxix. 


Noi@ore = - 20). 


ings of the older chemifis and phyfiologifts, it 
is neceflary to remember, that expreffions which 
appear to coincide remarkably with the modern 
difcoveries, would not fuggeft the-idea of thefe 
difcoveries to one who was previoufly unac- 
quainted with them. It has accordingly hap- 
‘pened in feveral inftances, that the modern doc- 
trines have been fuppofed to be detected in 
books, where their exiftence was not fufpeced, | 
until thefe doMrines had been deduced from the 
experiments and reafonings of the chemifts of the 
‘prefent period. . : , ) 
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Dr. Black made this difcovery by breathing 
through lime water, or the folution of a. cauftic 
alkali, when he found that the lime was preci- 
pitated, and the alkali rendered mild; effects 
which he attributed to fixed air emitted from 
the lungs; he confequently conceived, that the 
change produced by refpiration upon wholefome 
air, confifts principally in the converfion of part 
of it into fixed air. It appears that he made 
thefe difcoveries in the year 1757, and it may be 
inferred, that they were about the fame time 
publicly announced in his lectures. (@) | 

. ~ Note 


(a) Black's Lectures, by Robison, v. i peST ee 
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ms a8 PAA: 


Befides the oxygenous and azotic. cafe a 
{mall quantity of carbonic acid gas, feldom ex- 
ceeding . ‘Ol, has been found to. exift in the 
atmofphere, and is fo conftantly prefent in all 
the different fituations in which the experiment 
has been tried, that it probably ought to: be con- 
fidered as one of its conftituent parts, (a JsThe 
aqueous vapour, on tne other hand, is perpe- 
tually varying in its proportion, and feems evi- 
dently to be an extraneous body, depending for 
its formation upon accidental caufes. The pro- 
portion of oxygene which was indicated in the 
experiments of Scheele and Prieftley, and in the 
more accurate examination of the atmofphere, 
which was afterwards made by Lavoifier, (2) is 
greater than that ftated i in the text. But the pro- 
cefs of Eudiometry has undergone of late confi- 
derable improvements, and the very accurate expe- 
riments of Berthollet, (c). De Marti, /d) and Da- 
Vy, (e) agree in indicating the proportion of oxy- 

gene 


(a) Saussure, voyage Wine les Alps, t. vii..c. 6, f. 2010. 
Humbolt, Journal de Phys. &. xxxxvii. p. 202. Encye. 
Meth. Chimie, Air, t. i. p. 745, (b) Elem. of Chem. 
chap. 3. p. 86. (¢) Ann. de Chim. t. xxxiv. p73 
seq. (d) Journal de Phys. t. lit. p. 173. & seq. Ce) Ni- 
cholson’s Journ. v. ¥. p. 175, 


gene to azote to be, nearly as 22 to 78. - Thefe 
quantities . mutt be confidered as referring to the 
volume of. the , two. gafles 5 their proportional 
weights are fomewhat’ different, and .will be as 

26 to 74 nearly. (a) M. Fourcroy, however, in 
his late elaborate work, ftill fuppofes, that the 
atmofphere contains -27 of oxygene. (b) 


7 
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I cannot avoid remarking, that in this memoir 
M:. “Lavoifier {peaks of his obfervation refpecting 
the carbonic acid gas, as of a fact difcovered by 
himfelf, nor. does he mention the name of Dr. | 
Black, who it appears had publicly taught for 
twenty years that this aeriform fluid is difengaged 
by refpiration. It is much to be lamented that a 
man, who had fo many real claims to the admira- 
tion of pofterity, fhould in any inftance have at- 
tempted to. encreafe his reputation at the expentfe 
of his contemporaries. | : 


XXXIV. 


This propofition is fubject to exceptions ; M. 
Vauquelin found that fome of the fpecies of worms: 
poffefied 


(a) Thomson's Chem. v, iii. p. 269. (b) Systeme des 
conn, chim, t, 1. p, 156, | 
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poffeffed the } power of feparating the oxygene from 
the azote in the moft perfect manner. He per- 
formed his’ experiments ‘upon the limax flavas and 
the helix pomatia.(a) : 


i XXXv. 


The two papers agree very nearly in the weight 
of oxygene fuppofed to be confumed in twenty- 
four hours; the firft makes it 19080 French grs. 
the latter 19090. But though the weights fo 
nearly correfpond, the affigned volumes are confi- 
derably different ; the firft memoir ftates it to be 
24, and the latter fomething more than 22 Paris 
cubic feet. If we fuppofe 100 cubic inches of 
oxygene to weigh 50°5 Paris grs.(b) 24 cubic 
feet, or 41472 cubic inches will weigh 20943°36 


| Pr ina Wi cubic feet, or 38016 inches will weigh 


19198°08 Paris grs. or 15750°33 Englith Troy grs 


The Paris weights and meafures of the original 
are reduced to the Englith ftandard by means of 
the formulz given by Profeflor Robifon in Kerr’s 
tranflation of Lavoifier’s Elements, App. No. 5. 


XXXVI. 
It mut be remarked, that at the time when 


(a) Ann. de Chimie, t. xii. p, 278, & seq. (b) Kir- 
wan on Phlogiston, p, 30. ms 
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Mr. Davy performed thefe experiments, he con- 
ceived the atmofphere to contain *27 parts of oxy- 
gene;(a) in the more accurate experiments which 
he afterwards performed, he found the proportion 
of oxygene to be little more than: 21.(b) This 
circumftance will render it neceflary to make fome 
alterations in the eftimate of the effects of refpira- 
tion, as we may conclude that the fame Eudiome- 
trical procefs was employed in the analyfis of air 
which had been refpired, as of the air of the at- 
mofphere. on 


my 


Mr. Davy’ s eftimate. 


100 cubic inches of atmofpheric air before the ex- 


periment, 
Oxygene. Axote, Carbonic Acid, 
Confifted of a dehee? 9 deanna , 


After the experiment. of” cs tage ge 7 +5 

Confequently there was" . | | 
an abforptfon of i, ak anid: Nee, 

Anda production of — = A*5 


Corrected eftimate. | 
Before the experiment WMvved 7B : al 
After the experiment .17°5 70 ‘Ohya eB 
Confequently there was | 
an abforption of ... 3°5, 1°4 
And a produétion of 2 io 
| Note 


(a) Researches, p. 327. (b) Nicholson’s Journal, v. v. p. 175. 
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“10g, oil Note “gaan (Wie. 
okey firtt attempted to afcertain’ the: amount 
of the diminution, ‘which the ‘air experiences in 
refpiration ; he éftimated it at yo part of its bulk. 
Mayow concluded fr om ‘his experiments, that the 
air was diminifhed 7 ‘part. (a) Hales made 
- Many experiments: to ate this point, ‘but 
their refults differ fo confiderably, as to render it 
impoffible to fix any general fiandard ; it varied 
from 7 to 7s part of the whole air. (b) ~All thefé | 
quantities, however different from each other, 
agree in being greater than the eftimates of the 
modern chemifts. This circumftance is to be 
attributed to the abforption of part of the carbo- 
nic acid formed in the lungs, by the water with 
which, in all the different. experiments, the air 
of expiration was placed in contact, aon) 


liieniciney Sete XXXVI, 


The celebrated Sanétorius, who devoted fo 
large'a portion‘of his life to the inveftigation of 
the quantity of matter ‘perfpired from’ the body, 
under different circumftances, éftimated the pul- 
ney exhalation, at about half a eats in 24 


hours. ) 


(a) Tract. quingue, p.405, = (b) Stat, Essays, v, i. 
262383 Y, ii, p, 320) 92> : EHR 


g 
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hours. (a) © Dr. Hales, by purfuing the plan 
which is fiated in the text, fuppofes the quan- 
tity to be above 200z. Dr. Home remarks, that 
the perfpiration from. the lungs, is ‘ computed 
“* by Sanétorius to amount to 6 0z. in 24 hours, 
«6 by Hales to 230z.; the latter. computation 
** feems too high, part of that moifture being 
“ probably owing {o what is contained in a dry 
“ air,”(b) It appears, that in this inftance, Dr. 
Home has been inaccurate in ftating the calcula-_ 
tion’ of Hales, and what is more’ remarkable, . 
Haller, in giving the opinion of Home, fays, 
* ad uncias 23-zeftimat Cl. Home, »/ (c) and. refers 
to the pare quoted above, 


N ae XXIX., 


Dr. Priefiley had previoufly obferved this cir- 
cumftance, and had eftimated that + part only of © 
the oxygene confuined in refpiration was employed 
in the formation of the carbonic acid emitted from 
the lungs ; ; the reft of the oxygene he conceived 
was abforbed by. the blood. ‘ d) | 


Note XL, 


Tt mutt be remembered, that a nethod of 

- | eftimating 

(a) Med. Statica, p. 36. {b) Medical facts, p. 238. 

(c) El, Phys, viii, 5 40. (d) Experim, on Air, v. iii. Q. 
378, 9. ° al | 
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eftimating the: Sscntits of water produced in the 
Jungs, very fimilar to that made ufe of by La- 
voifier, and founded nearly on the fame train of 
reafoning, had been previoutfly ep by Dr. 
Crawford; he: fuppofes: that about % part of the 
oxygene confumed, enters into the formation of 
aqueous vapour. (a) 


Note XLI. 


This is not the only inftance in which, after 
the conclufions of Dr. Priefiley have been con-' 
troverted by his contemporaries, a more accurate | 
inveftigation of the queftion has ultimately de- 
cided in his favour. The complicated apparatus, 
and the impofing air of minutenefs, which cha- 
Z raéterize the operations of the French chemifts, 
irrefiftibly engage. the aflent of the reader, and 
fcarcely permit hirh to examine the flability. of 
the foundation upon which the ftruCture is erect- 
 ed.. The fimplicity of | the procefles employed by — 
Dr. Prieftley, the apparent, | eafe with which his 
experiments were performed, and the unaffected, 
converfational ftile in which they are related, have, 
on the contrary, been miftaken for the effects of 
hafte and inaccuracy. Something muft alfo -be 
aferibed’ to the theoretical language which per- ~ 
racy vades 


fa) Olserv, on Anintal heat, p. 154, 347, 8. 
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~ . vades and. obfcures the chemical writings of this 


philofopher, in confequence of his unfortunate 
attachment to the doctrine of phlogifton, 


Note XLII, 


Mr. Davy found that 71 +7 cubic inches out 
of 99 which he expired were azote; (a) if there- 
fore we eftimate the average contents of the 
Jungs at 280 cubic ABER Ep 213 of thefe will 
confift of azote. 
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ts the firft of the general ‘anual I have 
fiated, that the atmofpheric air received into the 
lungs, lofes about - 04 of the oxygene which was 
contained in it. Suppofing the whole quantity of 
air refpired in 24 hours to be 666-5 cubic feet, 
the quantity of oxygene which is removed will 
amount to 26°66 cubic feet. This eftimate 
agrees exactly with the quantity of oxygene 
which I. have fuppofed to. be confumed in 24 
hours, deduced from_ the experiments of M. La- 
voifier and Mr. Davy. The quantity -04 is 
however calculated from a different fet of expe- 
at oe riments, 


(a) Researches, p.432, 
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fiments, and the number 666° 5 involves the efti- 
mate of a fingle infpiration, and of the’ quantity 
_ of air refpired in 24 hours, both which ‘were ob- 
tained from different fources. 

In the ad general. conelufion it is ftated, 
that 22 cubic feet of carbonic acid gas are gene- 
fated in 24 hours, fo that there is, upon the 
whole, a lofs of 4 cubic feet i in 24 hours, fo far 
as refpects the confumption of oxygene, and 
the production of carbonic acid gas. In the 5th 
general conclufion it is ftated, that a quantity of 
azote is confumed in refpiration, amounting to 
about +z part of the whole air employed. Sup- 
pofing this, as in the former cafe, to be 666-5 
cubic feet, the azote abforbed, will be about 4 
cubic fect. Thefe, added to the 4 cubic feet 
mentioned in the laft fentence, will make the 
total lofs by refpiration in 24 hours 8 cubic 
feet. In the 3d° general conclifion, it is faid, 
that the volume of the air refpired is diminithed 
by ¢ gs part; now 666-5 divided by 80 exadily | 
produces the number 8‘ 33.' Thé coincidence 
in this cafe is more remarkable than in the for- 
mer, as it involves a greater number of quanti- 
ties, all obtained by feparate calculations, and 
deduced from independent fources. It muft, I. 
conceive, benot only. regarded as a firong argu- 

ment 
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ment in favour of their accuracy, but, in fome 
meafure, at’ leaft, of the sid ping from wane 
7“ were deduced. 


Note Prlpeatih 


M. Lavoifier ftates, that 100 parts of catbo- 
nic acid confift of 72 parts’ oxygene, and’ 28 
parts carbone, (a) but it has been difcovered 
fince the period of his experiments, that the 
charcoal which entered into the compofition of 
the acid, is itfelf previoufly in the ftate of an 
oxide, containing *36. of oxygene; the compo- 
fition of carbonic acid will therefore be pure 
carbone 18, and oxygene 82 parts; or the oxide 
of carbone which compofes charcoal 28, and Oxy- 
gene 72 parts. (b) Upon the fuppofition that the 
carbone in the blood is in the ftate of the black 
oxide, there will in the fpace of 24 hours, bea 
a furplus. of oxygene of 5° 59. 0z.; but if the 
carbone'be in a ftate of purity, the fuperabundant 
va a be Piast 1°88 oz. 
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This idea of the nature of the change pro- 

a duced 

ir Dib Men. yin) 17809, on pin (L) Thomson's Chea 
misty, Voi, Dp, 50, 
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duced upon the blood by refpiration, was founded 
upon a fuppofition, that its velocity was" greater 
during its paffage through the capillaries of the 
lungs, than in any other part of the circula- 
tion ; an opinion which was at one time adopted 
by feveral phyfiologifts of eminence. Dr. Hales, 
who performed experiments exprefsly upon this 
fubje&,. informs us that he obferved the blood to 
move five times as quickly through the lungs as 
through the mufcular capillaries.(a) . Senac, on 
the other hand, thinks that its motion through 
the lungs cannot be quicker, becaufe each of the 
auricles muft receive the fame quantity of blood 
in the fame time; (6) and others have fuppofed 
that the velocity muft be lefs in the lungs, the 
pulmonary circulation being altogether fhorter 
_ than that of the aortic fyftem, the velocity muft 
be as the {paces gone through in the fame time. 
Elaller does not imagine that the average velocity — 
in the lungs differs from that in the reft of the 
body ; he however remarks that it is fent through 
them with lefs force; becaufe there are fewer 
obftacles to its progrefs, and the right ventricle is 
confequently lefs {trong than the left.(c) 


’ Note 


(a) Statical Essays, v. ii. p. 66. () Sur le Coeur, ¢. ii. 
p. 101, (c} Haller, viii, 5. 21. | 
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The - following remarks oF Boerhaave, who 
was ‘diftinguithed for his extenfive acquaintance . 
with all the branches of feience, thay ferve as a 
proof of the entire ignorance réfpecting the change 
effeGted in the blood by ‘refpiration which pre- 
vailed in his time. He imagines that as long as 
the foramen ovale and ductus arteriofus are kept 
open, the animal can continue to live without air, 
becaufe the blood will then’ be able ‘to pafs from 
the right to the left fide of the heart. He even 
fuppoies, that by frequently plunging the young 
animal in water, the clofing of thefe holes might 
be prevented, and the creature be thus rendered 
amphibious. Why we cannot dilate the cheft un- 
der water, and continue to live in this fi tuation, he 
fays, “ hoc nobis: Kgurrev eft,” but he adds with 
his accuftomed candour, “ quod forfan vobis, vef- 
“ troque evo, aliquid patefcet. (a) M. Buffon 
actually, performed fome experiments upon. this 
fubject.(4) _Thefe opinions, which at prefent af- : 
fume almoft a ludicrous appearance, were pardon- 
able at the period when they were advanced, But 
we can fcarcely extend our apology to the phyfio- 


logift, who after all the pneumatic difcoveries 
which | 


(a) Prelect. t. v. a ste 2. p. 467—474, —(b) Nat. 
Hist. v, ii p. 447. 


O14. Note 47, 48, 


which have immortalized the names of Black, 
Prieftley, Lavoifier, and Crawford, can ftill fancy 
that, “ by frequent,immerfion.in water, the af- 
‘¢ fociation between the movements of the heart. 
‘«* and lungs might perhaps be diffolved ; and an. 
“< animal, be,inured to live commonion ys for any, 


mite times under water.’ of h 


“Note XLVIL - = 


It is cutious to obferve the mariner in which 
Hallerfpeaks of this experiment: ‘“ Hoc'vulgare: 
“‘ experimentum non a Lowero folum, verum 
“etiam ab Helvetio ferio propofitum eft.” 


Note XLVHI. 


Dr. Crawford, in conformity with the theory” 
at that time prevalent, imagined that carbonic 
acid was produced by the union of oxygene and 
hydrogene. He was confirmed in this error by 
the effects which hydrogene had been found. to 
produce upon the craffamentum in the’ experi- 
ments of Dr. Prieftley, where’ bright {carlet blood, 
Oy “expofare to this gas, ‘was’ retilered dark 

°< coloured, 


(fa) Beddoes on fact, airs, parti, p. 41, 
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coloured, and acquired the. venous character, | Dr, 
Hamilton. alfo. found that the fame change was 
produced in. the colour of arterial blood by i in- 
troducing hydrogenous gas into the carotid | of a. 
living animal, ( Me 


Note XLIX. 


M. Haffenfratz atieies the objections which 
are, mentioned in the, text, yet he. lays the moft 
firefs upon. the. manner in which the old theory. 
accounts: for. the production of animal heat. He 
afferts, that according to it, the caloric is altoge- 
ther evolved in the lungs, and that confequently 
their temperature ought to be much fuperior to 
that of. the other parts of the fyftem. He fays; 
that according to. Dr. Crawford’s hypothefis, 
“ les poumons. font le foyer ot fe degage toute la 
‘* chaleur que, le, fang abandonne dans !’economie 
“ animale.” And. again, |‘ M... de la Grange 
y reflechiffant, que si toute la chaleur qui fe dif- 
“ tribue. dans. l’economie. animale fe degageoit 
‘ dans les poumons, &c.” (4). When we confi- 
der. that this memoir, was written many years 
after the pabliration of Dr, Crawford’s treatife 
“ae . on 


n 


(a) one p. 47, & seq. (b) Ann, de Chim. t, 
i p.266. 
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on. animal heat, it 18 fomewhat ‘furprizing, that’ 
fuch expreffions fhould be employed by fo experi- 
enced a philofopher as M. Haflenfratz. The 
friends of fcience, muft lament that the progrefs. 
of knowledge is too frequently interrupted by a. 
fpirit of national ae oe 


Note L. 


‘Mr. Davy dose vis: that after a. complete 
refpiration of atmofpheric air, the gas’ contained 
in his bronchial veffels, when reduced to the © 
temperature of 55°, would amount only to 32 
cubic inches, confifting of azote 23, oxygene 
4:Q,and carbonic acid 4°! cubic inches./a) - 
He refpired 100 cubic inches of the gafeous 
oxide of azote for about half a minute, by this 
procefs he found, that the gas was diminifhed to 
62 cubic inches, which upon examination, he — 
found were compofed of the nitrous oxide 29, 
azote 25°7, oxygene 4°‘ 1, and carbonic acid 83°2 
cubic inches. He concludes that 32 cubic inches 
of gas, of the fame compofition, will be ftill left 
in the lungs; thefe will confift of nitrous oxide 
14°7, azote 13°3, oxygene 2°1, and carbonic 
acid 1°Q inches. Before the experiment, the 
gas in the lungs, and in. the apparatus, added 

togethex 


(a) Researches, ps 409. 
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together, were 132 “cubic inches, compofed of the 
oxide 100, azote 23, oxygene 4.9, and carbonic 
acid 4°1 inches; after the experiment, the gafes 
in the lungs, and the apparatus taken together, 

amounted only to. 94 inches, compofed of the ni- 
trous oxide 43 ° 7, azote 39, oxygene 6° 1, and 
carbonic acid 5:2 inches. From thefe data Mr. 

Davy inferred that 56 - 3 cubic inches of the oxide 
has been abforbed, and 16 inches of azote produc- 
ed. (a) Upon this experiment it may be remarked, 

that the 32 cubic inches fuppofed to be in the lungs 
at the commencement, is probably much lefs 
than the actual quantity which they contained. 

It is not exprefsly ftated by Mr. Davy, that he 
made a complete expiration before the experiment, 

but granting this to be the cafe, we may conjecture, 
that above 100 cubic inches would be ftill left in 
the lungs ; now fuppofing the whole of this quan- 
tity to be of the fame compofition with the part - 
examined by Mr. Davy, it will be compofed of 
about 72 parts azote, 15 oxygene, and 13 car- 
bonic acid ; if to thefe we add 100 cubic inches 
of nitrous oxide, we fhall have the whole amount 
of gafes before the experiment. After the expe- 
riment, fuppofing that a complete expiration 
was made, there will ftill be 100 inches left in 
the lungs; fuppofing with Mr. Davy, that the 
« refidual 


(a) Researches, p, 412 & scq. 
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refidual gas in the lungs, .is of. the fame compo-. 
fition swith that i in the apparatus, thefe 100 inches 
will be compofed of about AO inches nitrous Ox 
ide, 41° ‘5 azote, 6:6 oxygene, and 5:9. carbo- 
nic acid. If we add thefe quantities to the “gates 
left"in. the apparatus, the whole amount of the 
refidue after the experiment, _ will be nitrous 
oxide 75 inches, azote 67°2, oxygene 10:7 and 
carbonic acid 9:1 inches, . Thefe numbers com- 
pared with the refpeclive. quantities vat the, com- 
mencement of the experiment, will give a. -defi- 
ciency in all the gafes to the following | amount ; 
nitrous oxide 25 inches, azote 4°8 inches, ae 
gene 4°3, and carbonic acid 3° 9 cubic inches. 

In making this calculation, it is affumed, that the 
100 inches which are fuppofed to be in the lungs 
before and after the experiment, are of the fame 
compofition with the gas in the apparatus, ‘but of 
this we have no direct proof, It is impoffible 
therefore, to form any pofitiye conclufions from 
an eftimate founded upon fuch uncertain data, but 
the refult.j is unfavourable to the fuppofition, that 
azote is ev volved i in thefe circumftances ; perhaps if 
the experiment were repeated with the requifite 
precautions, it would be found, that the only 
change which i is effected, . is an abforption of part 
of the nitrous oxide. 


~ 


Before 


Note 51...’ 219 


_,» Before the experiment, the gafes were, 7 
Oxygene Azote Carb. Acid Nitr. on. Tota 


In the lungs 15 VED thes NRE (08 
In the appar. Ah ee 100 100 
A? PotalonaiS 9 of2150 ellBiring, hhOQ is 2 ~200 


After the’ experiment, eit} 

Inthe lungs 6°6 41°5 5°g 46. 100 
In the apparx4a0] 2257) 93° 2: 029 >.) GQ, 
Rotel 3040 1981167 0E OS HkG Billoclond 2, 


loftintheex.4°3'» 4°8 349 25 . 38 
Note LI... 


The facility with which the ereateft part of the 
oxygene of the atmofphere is abforbed in the vari- 
ous Eudiometrical proceffes, and the difficulty of 
feparating the laft portions of it, fo as to obtain the 
azote in a perfect ftate of purity, affords a ftrong 
prefumption, that the component parts of the at- 
mofphere are united together 1 in a ftate of chemi- 
cal. compofition, and not mechanically mixed, or 
merely, diffufed through each other’s fubftance. 
It appears, that in this cafe, the atmofphere is 
fubjected to the fame laws of affinity, which the 

learned 
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learned M. Berthollet has fhewn' to exift in all 
chemical compounds. C i 


Note ear 


“As the red particles can only be rendered vifi-. 
ble by the aid of the microfcope, the obfervations 
that have been made upon them, are deeply tinged | 
with that uncertainty which always attends the’ 
ufe of high magnifying powers. In fome inftances 
we are able to point out, upon optical principles, 
the probable caufe of the deception ; but, in other. 
cafes, it muft be confefled, that there is reafon to 
fufpect, that the obferver faw what beft coincided 
with his previous hypothefis. A good account of 
the obfervations which have been made upon this 
fubject, accompanied with fome original experi- 
ments, may be found in the appendix to Mr. Ca- 
vallo’ s treatife on the factitious airs, 


: Note LIII. 


In the Phil. Tranf. for 1797, there isa paper 
on the colour of the blood, written by Dr. Wells, 
in which the author endeavours to overthrow the 
generally received opinions upon this fubject. 
He conceives, that the alteration induced upon 

the 


(a) Ann, de Chim, t. xxxvi, 


the colour of the blood, as well by the aGion of 
oxygene, as of fome of the neutral falts, is alto- 
gether independent of any change effected. by 
them upon its colouring matter. . In order to 
prove this propofition, he made a folution of the 
red particles (i. e. the colouring matter) in water, 
and he found, that the colour of this folution was | 
not affected by the fame reagents, which produce 
a change. of colour in the craffamentum of. the 
blood. He alfo found that an aqueous folution of 
the red particles, whether taken from the craffa- 
mentum of the arterial, or the venous blood, ex~ 
hibited precifely the fame fhade of colour. Hence 
he concludes, that the action of air, nitre, and, 
other fubftances which redden the blood, is exer- 
cifed not upon the red particles themfelves, but - 
upon the medium which furrounds them. . This 
action confifts in rendering the ferum more denfe, 
and thus caufing it to refle@ a greater number of 
rays of light from its internal furface; and he at- 
tempted to prove by experiment, that the blood 
is in fact rendered more denfe, in thofe cafes where 
its colour is brightened. |. The reafoning of Dr. 
Wells is. certainly ingenious, but, I think, not 
conclufive. We know, that by folution in water, 
the peculiar texture and organization of the red 
particles is deftroyed, fo that though no alteration 
of colour be produced Py the air upon thefe bo- 
ees, 


py) > Note’53. 


dlies, when in this ftate, it does not follow that 
the change would not be produced, if the air 
were applied to them while they retained’ their 
globular form. | Our knowledge refpeéting the 
arrangement of the minute particles of bodies, is 
perhaps too imperfect’ for us ‘to determine with 


certainty,’ by what means the changes of colour 


are effected, which follow from the application of 
different chemical reagerits ; an alteration in the 
denfity of the body, may probably be one among 
other methods; but fuppofing this to take place 
in the ‘cafe now ‘under confideration, it is more 
natural to conceive, that the ation fhould be ex~ 
ercifed upon the particles themfelves, than upon 
the fubftance which is contiguous to them. 


Dr. Wells, in the 2d part of his paper, offers. 
fome experiments to thew, that the red colour of 
the blood does not depend upon the i iron contain- 
ed: in the red particles. They certainly deferve 
confideration, but if we admit them in their full 
extent, they would prove; that no part of the blood 
contains iron in the faline ftate, a : a pofition which 
is directly oppofed by the experiments that have 
been made more lately by Fourcroy and Vauquelin, 
who have not only confirmed the exiftence of the 
iron, but have afcertained, apparently with great 
exactnefs, the’ ftate’ of combination in which it 

exifis, 


Note ‘53 SSO 41, 223 


exifts. The’ hypothefis with which Dr. Wells 
concludes’ his ‘paper, viz. that the red globules 
are compofed of two diftin fubftances, poflefled 
of different chemical properties, even though it 
coincides with the. microfcopical obfervations of 
Mr. Hewfon, I cannot but confider as altogether 
fanciful..,.Before we attempt to form, any: more 
conjeciures on, this fubjet, it would. be defirable 
to repeat. and vary the experiments, of Fourcroy 
and Vauguelin.,. | 
_ The. imagination of the poet. has in tome de- 
gree anticipated Epa safconery of the chemifts. » 
nei boos hee 
When _air’s pure effence j joins the vital Bais 
_ And with phospharic acid dyes the blood, 
Your virgin trains the tranfient heat difpart, 
_» And lead the foft combuftion to the heart. &c./a) 


Dr. Darwin obferves in a note, “ Dr. Craw- 
“ ford, in his ingenious work on animal heat, has 
“ endeavoured to prove, that during the combi: 
‘ natiow of the pure part of the atmofphere with 
‘ the phlogiftic part of the blood, much of the 
** matter of heat is given out from the air; and 
** that this is the great and perpetual fource of the 
cheat of animals; to. which we may add, that 
Fist Ee Cane 


~ 


a 


(a) Economy of Vegetation canto i. l. 399-402. 
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“ the phosphoric acid is probably produced by this 
** combination; by which acid the.colour of the 
** blood is changed in the. BAS from. a deep 
ff eruption toa bright fcarlet.”” 


Note LIV. 


M. Abildgaard, of Ca cith se made fome 
experiments, of which a fketch is given in the 
_Annales de Chimie, (a) in order to determine the 
comparative quantity of carbone in the arterial 
and the venous blood. 100 Parts of the venous 
blood of a horfe, when dried by a moderate heat, 
afforded 26 parts of a dry pulverizable fubftance, 
whereas 100 parts of the arterial blood treated in 
the fame manner, yielded only 25 parts. An 
ounce of venous blood, dried and decompofed in 
a clofe veffel, produced 115 grs. of carbonaceous 
matter; the fame quantity of arterial blood pro- 
duced no more than 874 grs.. Thefe experiments 
certainly appear favourable to the modern theory 
of refpiration, but the account which is given of. 
them is too concife to enable us to form ay deci- 
five conclufions, be wif 


Note LV. 


Dr. Bancroft firft wie Cai the opinion, that 
charcoal 


(a) T. xxxvi. p. 91. 


Note 55. 295 


charcoal was an oxide of carbone, (a) an opinion 
which has been fince amply confirmed by the ex- 
- periments of Guyton and Teniiant. It is proba- 
ble that this’ black oxide’ of carbone can ‘only ‘be 
formed by a degree of heat fufficient to produce | 
ignition, and confequently much faperior to: that 
of the bloods Tt. may alfo be prefumed, from the 
whitenefs of the chyle, that the carbone whieh. it 
contains, is not’ combined with oxygene, of at 
leaft, not in that. fate of oxidation, which ‘confti- 
tutes charcoal!’ ‘Hence we may infer, that thei in~ 
flammable matter of the blood exifts in the ftate of 
pure carbone, and confequently, that the carbonic 
acid which is emitted ftom the lungs, 18 formed 
by the union of ‘18 parts of carbone, with’ s2 
parts of oxygene. «Dr. Bree: fuppofes that the 
dark colour which the mucus of the bronchial 
glands fometimes affumes,’ is owing toa portion of 
the carbone of the blood, which, in afthmatic pa* 
tients, is not carried off, in fufficient quantity, by 
the formation of carbonic me (1 oth 


The opinion of Mr. any repeats 
the or igin of the carbonic acid difcharged from 
the lungs, is very different from that generally af- 
i gned by the inodern phyfiologitts. He obferves, 

Q that 


: - 


poe On the Phil. of ra p. 48. note. (Lb) On 
Ohne ti 125. 
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that ‘at one time, phyfiologifts believed that the 
‘ infpired oxygenous gas, contributed to the pro- 
© duGion of the. carbonic gas, found in the air 
expired. This opinion perhaps full prevails in 
“* the minds of fome people.” ” (a) I conceive, how- 
ever, that the doctrine cst is here reprobated, | 
is at prefent almoft.univerfally adopted. Mr... 

Abernethy fuppofes that the carbonic, acid emitted 
from the lungs, is not properly the product of re- 
{piration ; but is fimply exhaled from the pulmo-. 
nary veffels. His chief objection to the contrary 
doétrine is, that the quantity of oxygene received 
into the blood by the lungs, is not fufficient to ge- 
nerate the carbonic acid which is expelled. But 
on this point, Mr, Abernethy’s opinion is in di- 
rect oppofition to that of M. Lavoifier, and the 
moft eminent chemitfts, who conclude from their 
experiments, that the quantity of oxygene ab-_ 
forbed, is confiderably more than fufficient to 
form the carbonic acid. — 


a 


The opinion of M. Burdin, concerning the for- 

_ mation of the carbonic acid emitted from the lungs, 
is in fome refpects fimilar to that. embraced by 
Mr. Abernethy, and is in like manner very dif- 
ferent from the one generally adopted. He | 
imagines that all the ingredients of the acid exift 
in 


(a) Essays, p. 146. 
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in the venous blood, previous to its return’ to, 


the lungs, and that when it arrives at this organ, 


they are united, and feparated from it by fecre- 
tion. He fuppofes that oxygene is at the fame 
time abforbed by the blood; but that it has no. 


immediate fhare in the formation of the carbo-. 
nic acid.(a) In oppofition to this hypothefis it: 
may be urged, that the abforption of oxygene and. 
the production of carbonic acid, take place in_ 


the fame manner, when a piece of craffamentum 


is placed in a jar filled with.oxygene, as when the, 


venous blood is a@ed upon by the air contained, 


in the veficles.. From this circumftance it fol-. 
lows, that the effed produced. depends altogether. 


upon achemical affinity between the oxygene, 
and one or more of the conftituents of the blood, 
and not upon the operation of a function which 
can only fubfift during life. 


N ote LVI. 


In forming this conclufion, I decide not only 
in oppofition to the opinion of M. Lavoifier, but. 


of nearly all the phyfiologifts who have treated 


upon this fubje@ ince the publication of his me- 


moirs, The ‘opinions of ‘the French chemitts, as. 
far as I am acquainted with their works, almoft 


Q2 WA eRe uniformly , 


{a) Course of Med. Studies, v. iii. p. 343. 
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uniformly coincide with that of their illuftrious 
countryman.(a@) — 


Among the Germans I find the fame doctrine 
fupported by Blumenbach, Jacquin, and Gren,() 
and in our own country by Crawford, Cavallo, 
Higgins, Currie, ‘Thomfon, | Rutherford and 
Allen. ar ye | tg 


It is to be obferved, that the formation of 
water is equally owing to refpiration, whether in 
conformity with the opinion of M. Lavoifier we 
fappofe it to be immediately generated in the: 
lungs, or in paffing along the fanguiferous fyftem, 
according to Haflenfratz’s hypothefis. In both 
cafes i it is produced by the t union vf oxygene ab- 

forbed 


(a) Guyton-Morveau, Enc. Meth. Chimie, t. i. p. 727. 
“65. Seguin, Ann. de Chim. t. xxi. p. 225. & Med. 
Eclaireé. Fourcroy, Systeme, &c. t. x. p. 373. t. is p. 56. 

Hassenfratz, Ann. de Chim. t. ix. p. 201. Vauquelin, Ann. 
de Chim. t. xii. p. 290. De la Metherie, Journ. de Phys. 
t. xlvi. p. 106. Cuvier, Lecons d’ Anat. aed ti. b a. 
Richerand, Phys. p. 149. * 

(lb) Blumenbach, Inst. Phys. p ADS: Jacquin, Bl, of. 
Chemistry, § 956. Gren, Ann. de Chim. xxiv. p-196. ..., 

(c) Crawford on Animal Heat, p. 154.° Cavallo’s Elem. | 
of Nat. Phil. v. ii. p. 540, 1. Higgins's Minutes of a So-- 
ciety, p. 103. Currie’s Med: Reports, p. 192. Thomson's. . 
Chemistry, v. iv. p. 497. Rutherford in Marcet de Diabete, 

p. 31. Allen’ in De la Rive de Cal. Anim. p. 35. 
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forbed by the blood in the:lungs, and la cin 


previoutly irene in that fluid. 
Note LVI. 
M. Lavoifier, in the two memoirs on refpira- 


tion, written in conjunction with his friend Se- 
guin, to which I have already fo frequently re- 


ferred, employs no arguments to prove the dif— 
charge of hydrogene from the blood in addition © 


to thofe ftated above: as however thefe papers 
contain an account of the moft elaborate expe- 
riments that have ever been performed upon the 
fubjet of re{piration, and are the laft works 
which this great philofopher lived to complete, it 
may be defirable to examine them with fome de- 
gree of minutenefs, | 


- After ftating fome general propriitions re- 
fpesting the nature of combuftion, and the com- 
pofition of ‘the bodies which are produced by 
refpiration, they ‘proceed to obferve, that this 
function may be confidered as'a flow combuftion 


of carbone and hydrogene, and that its effect. 


is to abfiract from the blood a quantity of thefe 
fubftances, and to, depofit there a portion of ca- 
Joric. | There is, however, one circumftance, in 
which -refpiration is, materially different from 

combutftion ; 


> 
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combuftion ; this latter operation proceeds with 
more rapidity in proportion to the greater pu- 
rity of the air employed, whereas the quantity of 
oxygene which an animal confumesin refpiration, 
is very nearly the fame in whatever proportion it 
exifts in thé air received into the lungs. This 
propofition was proved by a feries of experiments 
performed | upon: guinea-pigs. Thefe. animals 
were confined for fome days ‘in air of different 
compofition, from pure oxygene on the one hand, 
to air which only contained + part ‘of this fub- 
fiance. We are exprefily told, that under thefe 
circumftances, the refpiration’ and’ circulation 
were ‘not affected, and that the heat continued 
the fame ; in fhort the only perceptible alteration 
in the ftate of the animal was. degree of drow- 
finefs, when too large a proportion of azote had 
been employed. There appears no reafon to 
doubt the accuracy of thefe experiments, the 
-conclufions from’ thenr are ‘probably different 
from what we’ fhould' have been‘led to expect; 
they however demonftrate the abfolute inefficiency 
of the attempts which have’ been: of late’ made 
with fo much confidence to introduce at pleafure 
into the fyftem, a ‘greater or lefs quantity of oxy- 
gene, merely by varying the compofition of the 
air prefented to the lungs: The ‘authors tate, 
that during refpiration there is neither any difén- 
.* rhe gagement 


Note 57. 231 


gagement nor abforption of azote; they confider 
this fubftance as entirely paffive, and affert that 
any other gas mixed with the oxygene, which 
‘was not immediately noxious, would anfwer the 
fame purpofes with the ‘air of the atmofphere ; 
they employed hydrogene, and found no incon- 
venience:to arife from its ufe. It had been ob- 
ferved, that the quantity of oxygene confumed in 
a given time, was different in different ftates of 
the animal ceconomy ; the authors proceed to in- 
_ veftigate the amount of thefe changes, and for 
this purpofe M. Seguin himfelf became the fub- 
je& of the experiments. The circumftances 
~ which they noticed as affecting the procefs of 
refpiration were, temperature, exercife, and the 
ftate of digeftion. As a ftandard for the reft 
of the experiments, they began by taking an 
average effect produced by a man at reft, with 
the fiomach empty, and at the temperature of 
82°; under thefe circumftances he confumed in 
the fpace of an hour 1210 cubic inches of oxy- 
gene. At the temperature of 57°, the other cir- 
-cumftances remaining as before, he confumed 
1344 inches. . During the procefs' of digeftion, 
~ the confumption of oxygene was increafed to 18 
or 1900 inches: While the ftomach was empty, 
and the body in a ftate of violent exercife, 3200 


— were: confumed in an hour, and when he 
uo ufed | 
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ufed the fame exertion after taking food, the 
quantity was increafed to 4600 cubic inches in 
the fame, fpace of time. ‘Notwithftanding this 
great difference in the quantity of oxygene con- 
fumed, the temperature of the body was fcarcely 
affected, but the circulation, and the refpira- 
tion, were confiderably quickened. . The authors 
obferve, that thefe. numbers muft only be confi- 
dered as: indicating proportions, becaufe it is 
probable, that individuals differ in- the abfolate 
quantity of the changes which are effected by the. 
refpiration, The apparatus by which thefe expe- 
riments were performed, isnot fpecified. It 
muft be obferved that the effects produced, upon 
the refpiration by a change of temperature, had. 
feveral years before been diftin@ly pointed: out 
by Dr. Crawford, and M. Jurine had alfo afcer= 
tained that mufcular exertion, and the ftate of the 
fiomach, produced very important effe@s upon 
this function, yet neither of thefe authors are 
noticed in the memoir now under confideration. : 


Taking into account all thefe different cir- 
ceumftances, the authors. conclude, that about: 1 
cubic foot, or 1728 inches, may be confidered as 
the average quantity of oxygene confumed in an 
hour, and confequently 24 cubic feet in the 
courfe of a day, They next proceed to point 

out 
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out what proportions-of this. oxygene are to 
be refpectively affigned to the production ‘of the 
carbonic acid, and the water. It is not expreffly 
ftated, in what manner the fum of the carbonic 
acid was obtained, but this we may fuppofe to 
be fufficiently accurate. It is then affumed, that 
this carbonic acid is compofed:of carbone, which 
previoufly exifted in the:blood, in the fame ftate 
of oxidation with charcoal, and the additional 
quantity of oxygene is eftimated, which is re- 
quired to form it into complete carbonic acid. 
The remainder of the oxygene is fuppofed to be 
employed in the production of water, and by 
calculating how much water can be formed ‘by 
this fuperabundant oxygene, the amount of the 
aqueous exhalation from the lungs is. eftimated. 
It will not be neceffary to follow the authors 
through their details; . I. have. endeavoured to 
fhew that. their calculations.are built upon the 
affumption of data, one of which is improbable, 
and the other at leaft. incapable of proof. The 
memoir concludes with fome general reflections 
deduced from the experiments. With refpect to 
the: increafed confumption of oxygene in a low: 
temperature, the authors are inclined to attribute 
it to the greater denfity which cold air pofieffes, ' 
and to fuppofe, that the principal circumftance 
which moderates the -heat of the body in a high 

temperature, 
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temperature, is the increafe of _tranfpiration, 
which carries of part of the caloric that had been 
previoufly evolved, by the formation | of the wa- 
ter and carbonic acid. : 


. Before I leave. this memoir, I: muft remark, 
that in the eflimate which is made of the quan- 
tity of water formed in the lungs, the figures 
which denote the weight of the hydrogene dif- 
charged, and of the water produced, do not 
correfpond. The whole quantity of  oxygene 
fuppofed to be confumed is 19080 grs.; the car- 
bonic acid produced is 21600 grs.; this. will 
contain 15553 grs. of oxygene. There will 
then be left for the formation of water 3528 
grs., which will require 622 grs., or 1.02. 46 grs. 
of hydrogene, and the quantity of water pro- 
duced will be 4150 grs., or 7.0z.1 dr. 46 grs. 
In the memoir under confideration, the quantity 
_ of hydrogene is fiated to be loz. 5: drs. 51 oe 

and the water online 5 drs. 51 -grs. 


‘The 2d memoir written by M M. Lavoie ier 
and Seguin, is exprefily on the tranfpiration of 
animals. ‘Tranfpiration is defcribed as confifting 
in the lofs of a certain moifture, which requires a 
quantity of heat to reduce it to vapour, in order 
to carry it off from the body; it proceeds both 

from 
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from the fkin and the lungs, and according as 
it is derived from the one or the other of thefe 
fources, it is ftiled the cutaneous, or the pulmo- 
nary tranfpiration. Upon the greater or lefs 
quantity of this tranfpiration, together with the 
degree of denfity in the infpired air, the authors 
conceive, that the uniformity of temperature 
depends, which the animal preferves in all the 
different degrees of external heat to which it is 
expofed. In addition to the aqueous vapour de- © 
rived from the cutaneous. and pulmonary. tranf- 
piration, there is alfo the water fuppofed to be 
generated in the lungs from the immediate 
union of oxygene and hydrogene ; it remained 
therefore to contrive a method by which the 
effet of thefe operations might be kept. dif- 
tinct. and precifely: afcertained ;_ for this. pur- 
pofe the following apparatus. was employed. 
A> perfon was enclofed in a: filk garment co- 
vered with a varnifh of elaftic gum, he had a 
tube adapted to his mouth, and by this me- 
thod it is ftated, that the effects of tranfpiration 
‘and of refpiration were kept diftinét, But in 
this ftatement there appears to be an inaccuracy; | 
the effects of cutaneous tranfpiration would cer- 
tainly be kept diftinét from the effects of pul- 
‘monary tranfpiration and refpiration, but it does 
not appear how thefe two were to. be feparated. 

By 
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By weighing the body juft after entering the ap- 
paratus and juft before leaving it, they endea- 
voured to afcertain the lofs of weight which the 
body: experiences by. refpiration, feparate from 
that by tranfpiration. By weighing the body 
immediately after entering the apparatus, and im- 
mediately after leaving it, the total lofs which it 
experiences by all the different: fources is afcer- 
tained. The authors conjecture, that~ there 
exudes into the bronchia a humour which is fepa- 
-rated from the blood, compofed chiefly of hydro- 
gene and carbone, and which filtres through the 
membranes of the lungs. This humour, by being 
very much attenuated as it pafles through the 
fmall exhalants, is in part confumed, and by de- 
compofing the oxygene with which it isin con- 
tact during infpiration, water and carbonic acid 
_ gas are produced. The authors obferve, that the 
carbonic acid is removed from) the lungs by ex- 
piration, but that the water would: be’ accumu- 
- Jated, were there nota method provided by na- 
ture to prevent this circumftance. ‘The air enters 
the lungs cold, but iffues from them warmed 
nearly to the temperature of the blood, it will, 
therefore, diffolve a part of the water, and remove 
it from the lungs. From this hypothefis, which 
fuppofes that the combuftible matter, difengaged 
_during refpiration, is, in the firft inftance, tranf- 

| mitted 
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mitted through the pores of the lungs, in the 
form of an aqueous exhalation, it might be fup- 
pofed quite fuperfluous to affign any other fource 
for the water of expiration ; ; but it is immediately 
added, that the water exhaled is derived from two 
fources, itt. the ‘water of pulmonary tranfpira- 
tion which we have been defcribing, and 2d. that 
produced by the immediate union of oxygene and 
hydrogene, or what is ftiled the water of re{pira- 
tion, Weare informed, that in a future memoir 
the method will be detailed which was employ ed 
to feparate the water derived from thefe two 
four ces, and to afcertain their refpedtive amounts 5 
but this memoir appears never to have been pub- 
lithed, in confequence, it may be prefumed, of 
the untimely fate of M. Lavoifier. 


‘The authors proceed to inform us, that by 
afcertaining what quantity of water was fent out 
of the lungs, and what quantity of carbonic acid 
was produced, and afterwards, by comparing thefe 
quantities with the quantity of oxygene | con- 
fumed; an eftimate was formed of the water ge- 
nerated in’ the lungs, and of that which was eva- 
porated from them. From the expreffion em- 
ployed there i is reafon to infer that the water ex- 
haled was by fome method, which is not men- 


tioned 1 in \ the memoir, -adtually collected and mea- 
| fured, 
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fured, and not as in the former inftance fimply 
calculated by a comparifon with the oxygene 
_confumed. But, fuppofing this to be accurately 
performed, before the conclufions could be ob- 
tained which are formed by Lavoifier and Seguin, 
it would be neceflary to prove that all the oxygene 
was employed in the formation of carbonic acid 
and water, and that the carbone had previoufly 
exifted in the ftate of charcoal. They feem:to 
have been aware of the difficulty refpecting the 
carbonic acid, and add, that if the carbonic acid. 
be produced by digeftion, the oxygene muft be, 
employed in the formation of the water of refpi- 
ration, which will diminith the quantity fup- 
pofed to be derived from the pulmonary tran{pi- 
vation ; but it is fill taken for granted, that all the 
oxygene is employed in uniting with the com- 
buftible matter difcharged from the blood. The 
mean refults of the experiments are ‘then detailed, 
and are as follows :—the lofs of weight expe- 
rienced by the body in twenty-four hours is. 
21... 30z..: , Hass includes the lofs by refpiration,, 
and by both the cutaneous and the pulmonary 
tranfpiration ; of this quantity the . cutaneous 
tranfpiration takes away 1lb. 14oz., and the ref- 
piration 150z.; it appears by. af ages part of 
the calculation, that this eftimate of the lofs by 
_tefpiration includes alfo the Jofs by the pulmonary 
| | tranfpiration ; 
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tranfpiration ; it appears, indeed,: that, these two 
effects were neceflarily confounded from the nature 
of the apparatus. ‘he mean confumption, of oxy- 
gene in twenty-four hours is. 2lb. oz. Idr. 10gr. 5 
this oxygene is employed partly in the formation 
of carbonic acid, and partly. in: the formation. of 
water. » The weight of carbonic. acid. difengag- 
ed. in twenty-four hours «is. Jb. 1 oz. 7dr. Agr. 
conhfing of oxygene ...«, 120z.) Odr. Agr, 

) carbone... 502. 7dr, Obras} 


1b, 1 oz. 7dr. Agr, 
lene 4 is then left a quantity of oxygene equal to 
IIb. 40z. 2dr. logr. which, in order to be formed 
into water, would require 3 02. 3dr. 10grs. of 
hydrogene, which will produce _ a quantity of 
water equal to 1]b. 702. drs. 20gts. 


The Wie taor whicl? ate fuppofed to be 
loft in twenty-four hours, will be found then to 
confift of the following quantities : Ib. oz. dr. gr. 
Cutaneous tranfpiration oz. dr.gr.1 14 O O 

Carbone inthecarb.acid 5 7 O- 

Hydrogene in the water 3 3 10 
Pulmonary tranfpiration 5 5 62 


Lofs by refpiration . . . . .015 0 O 


—— es 


2130 0 
In 


In this calculation it may be obferved, that the 
two firft quantities only are the dire refult of ex-’ 
periment. The hydrogene’ ‘was - eftimated from 
the oxygene’ left after the formation’ of the car- 
bonic acid “gas, and’ the pulmonary tranfpiration 
was'a quantity affumed to fupply the difference 
between the weight’of the hydrogene and the car- 
bone, ‘and thé total amount of ‘the lofs’by refpira~ 
tion. It has been already noticed, that'the differ- 
ent experiments of Lavoifier himfelf} indicate very 
different quantities of oxygene confumed, and of car- 
bonic acid produced in the procefs of refpiration. 

Upon the whole, we may conclude, that thefe 
memoirs ftill leave us much in doubt refpecting 
the nature of the changes produced. upon the 
_ blood by refpiration, ftill lefs can they be con- 
fidered as afcertaining with exaCinefs the amount 
of thefe changes.. At the fame time we muft ac- 
knowledge, that they exhibit an ingenuity in the 
contrivance, and a perfeverance in the execution 
of experiments which fo jufily entitle. their iluf- 
trious author to the firft rank among chemical 
-philofophers. 


As my objed i in the di of ihefe papers 
was, rather to prefent a view of the method of 
sea employed Py Sygtiee than to enter 

! into 
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into an examination of his refults, I have retained 

the figures tifed in’ the original, which indicate 

the weights’ and aieite ox of France before the 

revolution. | | wey? | i Sa A 
- Note LVI, 

f have réferved the difeuffion of the fubjed of 
animal heat to a fabfequent part of the effay; I 
thall, however, in this place remark, that the doc- 
trine which I have attempted to eftablith concern- 
ing the non-emiflion of hydregene by the lungs, 
will materially affect our opinions refpecting the 
influence of refpiration upon the ’ temperature of 
the living body. According to the generally re- 
ceived theory, the whole, or a part of the water 
which i is difcharged from the lungs, having been | 
formed in the fyftem by the union of the gaffes 
which form its component parts, produces the ex- 
trication of caloric in the fame manner as dur- 
ing the generation of the carbonic acid gas. But 
if, on the other hand, we fuppofe that the water is 
generally received into the fyftem by the ftomach, 
in the fluid ftate, and is afterwards emitted from 
the body in the form of vapour, its difcharge will 
be neceffarily attended with a confiderable expen- 
diture of caloric. This removal of caloric from 
the body will take place in exa& proportion to 
the quantity of water evaporated, either from the 


R fkin 
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fin ‘OF. the lungs,,and confequently,we mutt con-) 

chai arge. of. aqueous, vapour,, either by: 
RW or the, cutaneous tranfpiration, as. 
in all inftances counteracting or moderating the. 
effets produced by the difcharge of carbone from - 
the blood. According’ to this view of the func- 
tion of. refpiration, _ the proces, by. which the body : 
is cooled i in high temperatures, is not ‘confined. to 
the operations of the. fkin, but is. effected in, an 
ea or probably sarah desies, by, the, lungs fo 
power ot imparting or eee, heat, to, and 
from the ty ftem, | according tothe temperature of 
the ‘furrounding. medium, or.the occafional de- 
mands. of the. animal, The application ae this 
hypothefis to the operations of. the living body, as 
well i in the fiate of health. as of difeafe, is obvi- 
oufly of great | extent and importance, but I thall 
not enter, into any fpeculations concerning it un- 
til I have endeavoured, by experiment, to eftablith 
its validity. I {hall only remark, that I think it 
will materially aflitt in, the elucidation of thofe 
anomalous facts 1 in animal heat, which fome emi- 
nent. modern phyfiologitts have conceived. to be 
inexplicable upon the theory of | Dr. Crawford, 
I allude. particularly to. the experiments and ob- 
fervations of the late Mr, Hunter, and to thofe 
more recently made. by my. much refpected J friend, 
Dr. Currie. vey Note 


ows 
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‘ iu a Note TIX. gy Ss: 
Ovi Sai ih Merritt sep at Soy? 
An a yt ‘fimilar to ate! of Mt Cuvier 
has been more lately propofed by Dr: ‘Thomfon 5(¢ is 
it is advanced t by him, as an original fuggettion, 
and from the candor which pervades his writings, 
we muft conclude, that he’had not feén the work rk 
of M. Cuvier when he wrote the article of ‘ARE 
mal Subftances; ‘in the ‘Supp. to the Enc.- “Brit. 
The Lecons @ Anatomie Comparée, were publithed 
in 1800 (ann. 8), ‘Dr. ‘Thomfon’ § effay in rg07. 
M. Cuvier and Dr. ‘Thomfon, in ‘conformity with 
the prevailing. opinion, conceive that béth’ tar 
bone dnd hydrogene are removed from the’ chyle 
when it is converted into blood, but we have no 
proof that the proportion’ ‘of | hydrogene i is greater 
in chyle than in fibrine; the experiments that 
have been performed upoit’ this fubject only 
prove, that azote exifts in greater proportion in 
blood than i in n chyle. 


The hypothefis eh itt is adopted by M. | 
Richerand, to account for the more complete 
animalization of the chyle, appears fingulaity 
perplexed. He fuppofes, that, as it pafics through 
the lungs, after being mixed with the venous 

Roa one blood, 


(a) Chemistry, v.1v. p. 497. 
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blood, a great part. of it is depofited, * par une 
* forte de perfpiration interieure,” into the pa- 
renchymatous fubftance of thefe vifcera. In this 
fituation it is oxidated by the contact of the air, 
and being re- -abforbed by a number of inhalent 
veflels, it is carried to the bronchial glands, where 
if, depofits part of its carbone, “ et de fuligineux,” 
and thus communicates to them their black colour. 
Being thus purified, it is returned into the tho- 
racic, dua, and poured again into the fubclavian 
‘vein, whence it is brought back to the lungs, 
and again fubjected to the adlion of the air. 
‘s "De maniere qu'il fe fait,”  fays the author, 
a travers ces organes, une veritable circulation 
‘ Fel dont Pobje&t eft de donner au 
“* chyleundegré d’animalisation plus advancée.”’/a) 


' Note LX. 

In ordinary experiments, oxygenous gas is 
obtained from a metallic oxide, heated in con- 
tact with the fulphuric acid, But thefe oxides 
not unfrequently contain a quantity of carbonic 
acid, which will neceflarily be expelled by this 

Gi 
procefs, and mixed with the oxygene ; this is 
particularly the cafe with the red oxide of lead, 
a fubfiance which frequently is made ufe of for 
| the 


at (a) Phys p. 160, 1) 
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the difengagement of vital air. . The black oxide 
of manganefe, which is often employed for. the 
fame purpofe, is.not unfrequently mixed with. the 
carbonate of lime, which will give. out its carbonic 
acid during the procefs.(a) When the heat has 
been, apphed for a confiderable length of time, 
and been. in any degree violent, part of the ful- 
phuric acid: itfelf will be. converted into, vapour, 
and be mixed. with the gas. It is to accidental 
impregnations .of this. nature, that’ we mutt: at- 
tribute the painful fenfation which fome perfons 
have. experienced in pA OM PMDE to refine: oxy- 
gene. , . 


Note LXI. 


Some perfons have inferred from Dr. Prieft- 
ley’s experiments, that the refpiration of oxygene is 
productive of injurious effects to the animal con- 
fiitution./b) This opinion was, Ti imagine, founded 
upon the obfervation of this philofopher, that after 
an animal had expired in oxygenous gas, a 2d 
could continue to live for a fhort time in the fame 
air. Dr. Prieftley, however, attributed the death 
of the firft animal to the effect of cold, in con- 

| fequence 


(a) Cavallo on Fact. Airs, p.203. (tb) Beddoes on 
Fact. Air, part i. p. 13. | ) 
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fequence of its paffing ‘through’ ‘the’ water by 
which the gas was ‘confined, ‘and’ he accordin: gly 
was‘ able to’ ‘prolong | the’ ‘life of the animal for 
feveral hours,’ until the’ air was completely deoxi- 
dated, by placing it near the fire. This expe- 
@ “ment, te hes adds, & fully satisfied’ ‘me, that it 
© was nothing in the ‘dephlogisticated dir itself, 
“lthat was the reason that mice could not live in 
se te, "tay The deficiency of external heat ap- 
pears ‘evidently® to have had an important effect 
upon the life of the’atimal, but ‘theré is another 
citctimftance, Wwhith Tam inclined to regard as a 
ftill more immediate caufe of death, viz. a quan- 
tity of carbonic acid gas, which would be gene- 
rated, and be confined aim the apparatus. A 
freth and vigorous animal would be able for fome 
time to bear with impunity a quantity: of this 
gas, which had proved, fatal to! one. whofe. powers’ 
were exhautted: by, the long. continued:.expofure: 
to it. In confirmation of this opinion, I. may. 
remark, ithat the very. fame-circumftance has been: 
found by Cigna, Jurine, Morozzo, and others, : 
to occur in the relaivation of .ajlimited. ¥ lowrrtie of 
apne air. rnb? eit Aram | 


M. Lavoifier 
(a) Ezper. on Air, v. ii. p. 165. pie Journal de 


Phys. t. xxv. p. 105, 6. Chaptal’s Chemistry, v. i. P. 131, 2, 
Enc. Meth, Art, Med. t.i. p. 496. ' 
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~IMy Davoifiers in fome of ‘his earlier experi- 
ments made the fame obfervation, viz. that’ after’ 
the death of > iia Neti | wt was left in! 
Hid “Of ty Hesbrid” The futile. ‘siyanation may 8 
had recourfe to in thefe, as’in the experiments 
of Dr.” ‘Prieftley 5) indeed, ‘as M. Lavoifier con~ 
fined his gas by mercury, t there would be a greater 
proportion of ‘carbonic acid mixed with the oxy- 
gene, than when water’ was employed, as this 
fluid ‘would neceflarily abforb part of the acid. 

When ‘animals: have been confined in oxygene, 
and ‘the carbonic ‘acid has ‘been carefully te- 
thoved by a pure alcali, or by lime water, the 
animal has completely ; abforbed the whole of the 
at ia watson agi inconvenience. (b) 


We .may remark, that the experiments of 
Dr. ‘Prieftley, in which he found an animal 
confined in oxygenous gas, to fuffer fo much 
from the effects of cold, afford a ‘ftrong pre- 
fumptive argument againft the increafe of tem- 
"perature, which fome- fpeculative chemifts have 
imagined, muft be produced by the refpiration of 
oxygene, Lie a 


The 


(a) Higgins’s Minutes of a Society, p. 132. 
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The only other obfervations upon this fub- 
je@, which I find:in the writings of Dr. Prieft-, 
ley, ‘are contained, in the. following: paragraph, 
‘¢ From the greater firength and _vivacity of the 
“. flame of a candle, in this-pure air, it may be 
conjectured, that it might be peculiarly falutary 
to, the lungs in certain morbid cafes, when the 
common air would not be fufficient, to ‘carry 
off the phlogiftic putrid effuvium faft enough. 
But, perhaps, we may alfo infer from thefe. 
experiments, that though pure dephlogifticated 
«air might be very ufeful as: a medicine, it 
“ might not be fo proper for us in the ufual 
healthy ftate of the body; for. as a: candle 
burns out much fafter in dephlogifticated than 
in common air, fo we might, as may be faid, 
live out too fast, and the animal powers be 
<¢ too foon exhautted in this pure kind of air.” (a) 
It can fcarcely be conceived, that Dr. Beddoes 
has built his pofitive affertion on the mere fpecu-_ 
Jation of Dr. Priefiley; a fpeculation ingenious 
indeed, and, at the time when it was formed, 
plaufible, but which has been fince contro- 
verted by the direct experiments of Mh Lavoifier.. 


Note LXII. 
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(a) Exper. on Air, v, i. p. 168, 
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_egales d’ailleurs, eft d’autant plus rapide, que. 


l’air dans, lequel s s opére, eft plus, pur. . Ainfi, par 
example, il fe confomme dans un temps donné 
beaucoup plus de charbon ou de tout autre com- 
buftible, dans Yair vital, que dans l’air de]’atmo- 
fphére. , On, avoit toujours penfé, qu'il en etoit 


de méme, de la refpiration ; quwil devoit s'accé- 
/ lérer dans iF air vital, and qu’ > alors il devoit fe dé- 
gager, foit dans le poumon, foit dans le cours de 


la circulation, 1 une plus grande quantité, de calo- 
rique.. Mais r experience a,detruit toutes ces opi- 
nions qui netoient fondées que sur l'analogie. 
Soit que les animaux refpirent dans lair vital pur, 
foit qu’ils refpirent ce. méme air, _melangé avec 


ane proportion plus ou moins confidcrable de gaz 


azote, la quantité d’air vital qu’ils confomment, 
eft toujours la méme, a de trés-légeres differences 
prés. I] nous eft arrive plufieurs fois, de tenir 
un cochon d’Inde pendant plufieurs jours, foit 
dans lair vital pur, foit dans un mélange de 
quinze parties, de gaz azote & d’une d’air vital, 
en entretenant conftamment les mémes propor- 
tions; l’animal dans les deux cas eft demeuré 
dans fon état naturel; fa refpiration & fa circu- 
lation ne paroiffoient pas fenfiblement, ni acce- 
lerées, ni retardées; fa chaleur étoit égale, & 
i avoit feulement, lorfque la proportion de gaz 

: azote 
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m ‘azote ‘devertoit tip forte, un a plas de difpo~ 
ma fitiot 8 ar affoupiffeitient. a ig A BAL A 
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wrtte | nia ce acre! “eg de be es wt ve bees 
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“Soon after it was ser eituaelie ‘that oxygenous 
gas 5 ponte the’ e' dppropriate ‘power of: ‘fupporting 
aninial life, the idea‘ Wad! faggerted o of employing 
it Yor medicitial: ‘puirpotés. “AS it was knowns that 

i’ phthifis'the Tangs" are “much injitred' in’ “their 
texture, arid ‘probably’ réndéred! incapable: of 'per- 
forming their farGions to the full’extent, fome of 
the Frénch. chemifié conceived: that the refpiration 
of ‘oxygene ‘might’ prove’ advantageous in’ this 
difeafe, ‘by permitting the fyftem © to acquire ‘its: 
due proportion Of: this element with greater fa- 
cility.” “The idea was at leaft as plaufible as the : 
gener ality of medical hypothefes, and the fubjects 
of the firft experiments, in confequencé of the 
happy delufion which fo frequently attends this 
fatal complaint, were ‘infpired with firong hopes 
of the faccets of the new prattice. ¢ b) : 


"Shortly after this period a fpeculation of an 

; | ry oppofite 

(a) Lavoisier, Mem. Acad. 1789. p. 573. Cb) Chap 

tel’s Chemistry, v. i. p. 138. Jurine, Enc. Meth. art. Me- 

decine, t. i. p. 500. Fourcroy, ARR de Chim, t. iv. p. 83. 
te seq. 
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oppofite nature was formed 4 in’ this” ‘country. BG 
was imagined | that the’ fyftem, | when affefed by. 
putts ‘had in fome \ way: aeqiiited too” large a 
proportion ‘of dxygene in its compofition, and it’ 
was confequently “Concluded?” ‘that | benefit ‘mutt 
be- derived’ from: the tefpiration of a Bas “which. 
contained a ‘fmaller ” proportion ‘of oxygene' than. 
the air’of the atmofphere. The objections which 
were urged againtt this hypothetis were ‘indeed 
numerous, and the defenders of it were una- 
ble to point out by what means the fyftem 
could acquire this fuperabundant quantity of 
oxygene. But all oppofition was for fome time 
filenced by the apparent fuccefs which attended 
the employment of the pneumatic medicines, and 
fo fully perfuaded were the profeffion at large of 
the advantage likely to refult from their ufe, that 
a public fubfcription was aQually commenced, in 
order to form an inftitution, for the purpofe of 
curing confumption by the employment of the 
different gafes. But the infatuation has at length 
fubfided, and the plan feems to be abandoned by 
_ the projector himfelf, who cannot be fuppofed to 
want either zeal or induftry in the promotion of 
his favorite fcheme. 


N ote LXIV. 


Few perfons, I conceive, in the prefent day, 
will 
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wall object to this expreffion. ‘The. pertinacity. 
with which the oppofite opinion was maintained. 
by the determined followers of the. Brunonian. 
doétrine,, appears: to meo one of the moft fingular, 
contefts. of theory. againft experience, which has 
occurred in | the biden of modern foience.. wee 
e i mapfeulaek” paid at vapores epi among 
the chemical fedatives. (a) 


(a) >. 33. 


END OF THE SECOND PARTY. 
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In collecting the materials for this work, T: have’ frequently 
found great difficulty in obtaining the necessary informa- . 
tion, in consequence of the imperfection or inaccuracy of 
references. In order to prevent the recurrence of this-ob- 
~ stacle to any future inquirer into the subject of respiration, 
I have noted my references with as much « accuracy as lay in 
my power ; and to remove the difficulty which is sometimes 
produced by the employment of different editions of the 
lises to Ae I nee referred, ‘marking ae particular 
editions that were employed, 


| FOLIO and QUARTO. 
Baglivi Opera, (ed. gna.) - Pie ana 3 oe 1733. 


Bell’s Syftem of ‘Difle@ions, - S., 2 ER 1798. 
Bellini de urinis & pulfibus, (ed. Sta) ° Ludg. Bat. 1730. 
Black’s LeGtures, by Robifon, 2 vols. - Edin. 1803. 
Borelli de motu animalinm, 2 tom. Ludg. Bat. 1710. 
Boyle’s Works, 6 vols. ge - - “ Lond. 1772. 


Bremond, experiences ‘far la refpiration par | 

Mem, Acad, Sciences, pour 1739. 
Buffon, hiftoire naturelle par 15 tom. - Par. 1749—67. 
Chefelden’s Ofteographia, - . - - | Lond. 1733. 


Darwin's Zoonomia, 2 vols. -  - .,+. Lond, 1794-6. 


De la Metherie fur la Refpiration, &c. 
Journ. de Phys. tom. 46 me. 
De Marti tir l’air vital de} atmoiphere, &e. 


Do. tom. 52nd, 


Deiman, Vantrooftwik, &c. fur Yoxide ga- 


zeux d’'Azote, - - - Do. tom. 43 me. 


Encyclopedia Britannica, Suppl. to, 2 vols. - Edin. 


1801. 


Encyclopedie Methodique, Chimie, 3 tom. Par. 1786—9g6. 


eee 


-— Medicine, 7 tom. - Par. 


Fabricii Ab y Aquapendente Opera, . -  Lugd Bat, 


1797- 
1737. 


Fontang 
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Fontana, fur lair, inflammable, J. de Phys. tom. 15,me. 
Fontana’s obfervations on AaBapamable, ATI 


_” &e. - bat Ae Trans spor 1779: 
Francifci de ‘Te Boé Sylvi Opera, shi 
Halleri elementa phyfiologia:, 8 tom.. why ae 1 757 ~66. 
Helvetius for la circulation du fang ‘par Tes oate 
“poumon, “&e. - Ak a Mem. Acad. from 1718: 
Hoadly’s s edtures on the Organs of Refpira-. oy 
“tion, - - - a aati Lond. “1740. 


Humbolt far Tair ‘atmofpherique, fe. a 
a Journ. de Phys. tom. 47 me. 
Hunter on the blood, &c. by Home, IE os 1794. 


Lavoifier fur la refpiration,y 9» \ yy), Acad. pour 1707 
! ~~ fur la Seabee 


¥ 
+ 


ft la chaleur, ar, EN a Do. pour 1780. 
——-- far la refpiration, - —- Do. — pour 1789, 
erga fur la tranfpiration, = - Do. | pour 1 790. 


~~ far Yalteration dans Yair, &e. 
_ Mem. Soc. “Roy. Med. pour 1783, : 3. 


Malpighi Opera, - - - - ls Lond. 1616. 
Morgagni on the feats and caufes of Die. Sate 
eafes, by Alexander, 3 vols. he - Lond. ee 
Morozzo fur la refpiration dans le gaz, de- ron apo 
phlogiftiqué, - Journ. de Phys. tom. 25 me. 


Nicholfon’s philofophical Journal, 5 vols. Lond. 1798- 1802. 
Petit, remarques fur un enfant, &c. par. | 
Mem. Acad. pour 1733. 
Pilatre de Rozier far le refpirateur antime- 
phitique, - Journ, de Phys. tom, 28 me. 
Pitcairnii differtationes Medice, yg “pus gta Edin. 7 val 13. 
Prieftley's obfervations on Refpiration, | 
se 48 Trans, for 1776. 
Sabbatier fut les mouyemens des cotes, &e. 
Mem. Acad, pour 1778. 


Senac fur les organes de la refpiration, “Do. pour 1724. 
Senac 
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Senac far le, diaphragme,: atlodolet yd 0s 19: Paes IZA 
Willifi opera, 2 tom. giivigiqG: Ban ederniieg Genev.s; 1676s | 
Winflow’s Anatomy. | BY Douglas;,,2 4 FON 2s tact boPev 


4 (Sth ef) oe ee ee Le ee Lo Logd. yagos. 
—~ - remarques fur la a ho BerotssA ecohlsisd) 
relli par, - i, PR), ATO ST “th Mem.. Acad, pour siti 


Wells's: ohirvattons on the Aide of the . bone 
eBloodyo\ - -- Fhe be) to P atl Tineas, fox 1797. 


ATL. dread ; b&) whogell fexibeld asi 
“OoTAvo: and INTRA, | of “Sari 

sore DA. a 43 siiitg iy e rotetl 

Ateethys Sargiat and os ficlogieal - L enim 
OE Afays)o = "a : 7 Dani, 1798. 


preg tay PRET R: fur le. siti part | 

| Ann, de Chim. tom, oer ino ) 
Bikidroftedn permanent: ooloed fold sh. en Pat ec 
Beddoes ‘on ‘factitious’ Airs, 3 vols (3d edi)». Brist..1796. 
’s obfervations on Calculus,’ ‘Be. oho Shor sti 1793.. 


Bell’s Anatomy, 3 vols. -- -- - | /='! . Edini,1803. 
Berthollet, obfervations eudiometriques par! erence 
| wh Ann, de Chim. tom.'34me. 

— far les lois de Vafinité, © Do. tom. 36 me.~ 


Blumenbachii Inft. Phyfiol.° -- = = Gottin. 1798. 
Boerhaavii Inft. Med. - 9 + 9 ~* Lugdi Bat. Ma 
--preled. aie cum notis Hail- ete 4 

leri, 7 tom. -: Lg we es Amst. 1742—4, 
Bree’s inquiry into difordered Refpiration, 

(8d, edip* --08 ) & wo 20h) Lond, 41803. 
Burdin’s courfe of Medical Studies, 3 ‘vols. ° Lond. ‘1803. 
Carradori: fur Ja’ celtics des poiffons, | 

ke. - -io » Ann. de Chim. tom. 29 me. - 
Cavallo’s elements of Natural Bde eco HOU BIG) 

ag paritietual “sche: alee ~ ~ 0 120 fond. 1803. 
oe - on'fadiitious ibn (gee SO 2k leofend? 1798. 
e(olhiwh Chaptal’s 
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Chaptal’s Chewiftry by Nicholfon, 3. vols. - Lond. 1791. 
Cheinical Experiments and Opinions, ex-' Py Shia 
traéted from a work fe ce gh in the laft 


earey he oY oe Gare pO. 
Chefelden’s Anatomy, (8th ea) 8h ou - Lond. 1763. 
Coleman's differtation on oe (2d Hag 

fed.) = 2 SE I Or oP RR Biel fond? A808. 
Crawford on Animal Heat, (2d ed.) “fe Lond. 1788. 
Currie’s Medical Reports, (2d ed ) - Liverp. 1798. 


Cuvier, lecons d’Anatomie comparée par, 2 tom. Par. 1800. 
Dalton’s experimental Effays, Manch. Mem. vol. 5th. 
Darwin's Botanic Garden, 2 vols. (4th ed.) .» Lond. 1799. 


Davy’s Refearches, -. - = - - Lond. 1800. 
De la Rive de Calere animali, ~ =, Edin, 1797. 
Denman’s introduction to Midwifery, 2 vols. Lond. 1788. 
Dumas, elemens de phyfiologie par, 3 tom. .-, Par. 1800. 


Edinburgh Medical Effays, 6 vols. ~ Edin, 1733—44. 
Fourcroy, fyfteme des connaiffances chi- 


miques par, 10 tom. - - - - Par. 1801. 
--’s Elements of Chemiftry by Thom- Lowa 
fon, 3 vols. = - - - - Edin. 1800. 
-- experiences fur om matieres ani- | 
: malea par, 2 - Ann. de Chim. tom, 7me. 


-- fur les propriétés médécinales de 
fart vital, - - - Do. tom. 4 me. _ 
-- fur les experiences ie Mayow, 7 
Do. ~ tom. 29 me. 

-- la Medecine eclairée par, 4 tom..-~ Par. 1 “91, 2. 
Gay-Luffac fur la dilatation des gaz, &c. | 3 

Ann. de Chim. tom. 431 me. 
Goodwyn on the connexion of life with 


refpiration, sitnene - - +... Lond, 1788, 
Gren fur la refpiration, Ann, de Chim. tom. 24 me. 
Hales’s Statical Effays, 2 vols (4th ed ) - Lond, 1769. 


Hartley’s 
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Hartley's obfervations on Man, 3 vols. - . Lond. 
Harveii exercitationes de gener.anim. _- Amst. 
wee — dé motu cordis, &c. Roter. 
Haffenfratz far le fang, &c. Ann. de Chim. tom. 9 me. 
Higgins’s Minutes of a Society &c. | ‘ Lond, 
Home's Medical Faéts and Experiments, .- Lond. 
Jacquin’s Chemiftry, by Stutzer, -. - Lond. 

~ Keill, tentamen medico-phyficuma - - Lond. 
Kirwan on Phlogifton, - $n ty = ys ome 
Kite’s Effays, - waht as - ye Lond. 
Lavoifier's elements of Chemiftry, by Kerr, 

(2ded.)_ - - - - - - Edin. 
Lower, traCtatus de corde a (ed. 3a). ~ Amst, 
Marcet de diabete, ‘ ~ uy a, Edin. 

_ Mayow, traétatus quinguea = - Oxon, 
Menzies on Refpiration, rent. He Talay ay Edin. 
Prieftley’s experiments on Air, 3 vols,  - Birm. 
Pringle's difcourfes, by Kippis, - - Lond. 
Richerand, elemens de phyfiologie par — - Par. 
Sanctorii Medicina ftatica, a Lorry, - - far. 


Sauflure, voyage dans les Alps par, 8 tom. 


Scheele on Air and Fire, by F orfter, ~ Lond. 
Seguin fur la Refpiration, | Ann. de Chim. tom. 5 me. 
ae Do. tom. 21 me. 


Skey de materia combuftibili fanguinis,  - Edin. 
Smith de a@tione mufculari, 2 - - Edin. 
Thomfon’s fyftem of Chemiftry, 4 vols. - Edin. 
Vauquelin fur la Refpiration des infeGes, 

ke. - - - Ann, de Chim. tom. 12 me. 
Whytt on Vital Motions, = nets awes din. 
Yeats's Obfervations on the Claims of the 

Modernsy: Bey p05 | oe 28 - - Lond, 


Q 


1791. 
1651. 


1671. 


1795. 
1759. 
1799. 
1718. 
1789. . 
1795. 


1793. 
1671, 
1797. 
1674, 
1796. 
1790. 
1783, 
1801. 
1770, 


Genev, 1787—06. 


1780. 


1798. 
1767. 
1802. 


1763. 


1798. 


ea pees 


33 y 
Tt Ah alld 
RE: “wi 
re 
‘ 
- 
A 
a 
\ 
; es a bat a th 
a Eats ia! : 
a AAcn i * 
* his ¥ i, eae } Pa 
ihe aed pam aR et 
end, oe Ve i ha SR 
pie * ST" : 5 - ‘if ay eet 
1 M. 3 PTA oi ‘ ‘ 
7 Oe Ae var 4 ; rs eo} ’ 
? , Pie . oe 
: ‘ Oa " sy 
- : ; , ‘ CY ae ‘ } 
; bal Pip A ry J ne ~ 
y a Oo y 1 y 
J } yy e % 
, : cf at We) i 


-INDEX... 


mies ti Mr. his eftimate of the bulk of a 


inup 4 
fingle once aie pide Ls mite tk is 


wT kit satan fuppofes hat ine Nolune “OF Aeot 


_air is increafed by refpiration, _ - - 
————- ——--, his eftimate of the quantity of 


aqueous vapour emitted from the lungs, = 


—~—_——--———-- fuppofes that the carbonic acid 
emitted from the Jungs, i is not generated by. refpi- 
ration, - - - ~ 


Abildgaard’s experiments. on the carbone contained 
inthe blood, §— - - P ae 


Air, quantity refpired i in 24 ne dia is 


—-, its compofition altered by re{piration, , ee 
—--, its volume diminifhed by refpiration, pow ik 


Page 


—-, general conclufions refpeéting | the changes, .. mi 


which it experiences, by. refpiration,, . oy 


oxy genie; which it contains, pisit -' Sate as 


Allen, Mr. his idea ‘of the ftate of the lungs in, e un 


drowning, : - - mt 


- fuppofes that water is “generated by ef 
= = - = 


Q 2 


--, his hypothefis vaeeone the ange 
from arterial to venous blood,» genes aah 


260 


Aorta,. how affected. by. thi motion of .the dia- . 


phragm, - a F af 
Aqueous vapour mixed with the air of expiration, 
- fecreted from the blood, and eva- 


Page 


61 
91, 9 


porated ge the furface of the lungs - - 129, 138 


——-~ carries off caloric ftom the fyftem, 
Arterial blood, in what refpects different from ve- 


241 


nous, - - - - 122, 135 
Affociation, remarks upon - - - 188, 190 
“Atmofphere, remarks upon its balan abt = 202,,219 
Azote, a {mall quantity of, abforbed by refpiration, 96, 100 


——- oxide of, experiments upon the refpiration 


of - - aed? - 148, 216 


“Azotic gas, experiments upon the refpiration of 


B. 
t ‘ F 
4 4 é 


Cui te 


Bancroft, Dr. his obfervations on charcoal referred — 
Ma a ~ - sgt 


Beddoes, Dr. his experiments on the refpiration of 
" oxygene, = - = is 


‘ 


enabled to live without refpiration, —- : 


- conjectures, that an animal may be iw 


2994 


144 


Bell; Mr. John, his defeription of the organs gene” 


refpiration referred to, ! ‘ 


Q*3 


gle infpiration, a a s 
‘Bellini’s remarks yefpecting the motion ‘of the: ibs . 
referred ‘to,’ ia ee e be 


“Berthollet, a his ans Sale obfervations referred 


to - ¢ =? a « 


Birds, remarks upon the refpiration of oa 


—~—--, his eftimate of the bulk of a fin oes 


26) 


Black, Dr. giteoveiiad rte carbonic acid is aiformaieds . 


in the lungs, Se eer ee a 
—-, his difeoveries on heat Writ to, [4 
Blood changed from venous to arterial in the lungs, 
- arterial, Dr. Crawford’s hypothefis, ' to ac- 


obit for its converfion into venous, - [ha 


> Mr. Allen’s, do. Tey o 
——-, ~s conclufions refpeGting the change 


produced in it by, refpiration, rhs \tin Wbips 


Blumenbach, Profeffor, his eftimate of a Gaile 

in{piration, - ; ~ - 
--, his hypothefis to account 
for the commencement, and fubfequent alterna- 
_ tions of oben: A oben - - 
-, fuppofes that water is ge- 

: ideeund by Asatte - - - 
Boerhaave, his opinion refpe@ting the change mich 

the blood experiences in refpiration, , - “ 
—--, his hypothefis to account for the com- 
mencement, and fubfequent alternations of refpi- 


[eae 


Pun Laas - - aot - 
» his idea sefnesuine the oie ovale, 

and aaah arteriofus, _ - - 
Borelli’s eftimate of a fingle seiiahionl referred to, 
- hypothefis to account for the commence- 


» ment of refpiration, - - Rae eel 


- remarks upon the aCtion of the intercoftals, 
Boyle’s opinion refpecting the change which the 


air experiences by refpiration, _. - ~ 
opinion refpecting the change a the, 


blood experiences, Weer - - 
explanation of the eohenbin of refpiration 
-referred to, - p x 


Page 
72, 201 

132 
101 


109 
115 


6135 


178 


228 
102 
182, 5 


213 
12 


. 180 
160° 


79 
. 1023 


164 
Brain, 


262 


bah Page 
Brain, motion produced in it by ‘refpiration, ¢. © sei al A992 
tees Dr. his opinion tinea the mucus s of ‘the 
bronchial glands, 6) 87) yee “225 
Bronchia,. defcription: of (oO Wesw wor boy asdo Hook 
--, remarks upon their termination, - © 318 » ~157 
Buffon, M. his hypothefis to’ account for’ the com-' "0° 
mencement of refpiration, © . - aE i 
Burdin, M.‘his opinion refpeing the Foren tits of ° 
the carbonic acid bag by rene Fk PERRO posi 26 
C.. 
Carbone difcharged from the blood by-refpiration; ©" 108 
-, ftate in which it exifts in the blood, = —-' =) 225 
Carbonic acid, remarks upon its;compofition, ~- = ~--211 
ee gas mixed with the air of expiration, § °°" 72 
- eftimate of ‘the quantity expired; © 85, 99 
= cannot be refpired when pure; hal! D01.§g 
Cavallo, Mr. his account of the red ene of the 
blood referred :to,.)) 0) 55% a. gf ee 20) 
ee eee, i as that water is generated by 
refpirations, {9 0) ~ SUploy + “228 
Chaptal, M. his eftimate of a ule ittpihertnng hw bageg 


_ Charcoal. difeovered ‘to: be an oxide of carbone, © 128, 211 
Chefelden,’ Mr ‘his obfervations on the motion “id ? 


the ribs referred to, - = o 169 
Chyle, the principal fource of the. frfaninbte osionn 

matter difcharged fromthe blood, 9 -' © > 19 
Cigna, Sig. his fark on: ee colour of the’ 

blood, 98) Gest SQARCs atl ELIF UKAUGO o~ -BO5 
Coleman, Mr. his remarks Bee Good wyt 8 experi- f 

ments, | a tiaseioom wes ae ee 16 


a « - “Coleman, 


263 


wn Page 
Coleman, Mr. his obfervations onthe ftate’ of the’ 
Jungs alent drowning, - - - 28 
=a.,his-eftimate of the’ capacity of ‘the 
lungs after ablyta, : Ayano oi oN Os) abP by 3 
-—~ ——-}; remarks upon ‘his’experiments, -- ~ 20. 
Combuftion, in what reiped different from hid ony 
piration, * H = ---~ . 230 
Crawford, Dr. :his hipoikeion el pedting the th-1Wvi, yyvs 
flammable matter of the blood, -- ~~. ~109 
——, his obfervations on the formation of 
aqueous’ vapour in the lungs, HOU - 208 
? —— difcovered that the {pecific heat of 
arterial is greater than that of venous blood, » 133 
—— fuppofes that water is-fermed by 
refpiration, - + - - 9 | 228 
Currie, Dr. his: idesSttomakiniiy on animal heat referred 
to, as, ale " " > 242 
- fuppofes that. water is wi BSE by ref- 
- piration, - - - + vd? {928° 
Cuvier, M. his spite cefpeding the sasiibifics 
of chyle into fibrine, - - - 13) 
= flates that: in fome animals no organs of 
refpiration have yet been difcovered, — - - 
—_——- fuppofes that water. is: generated by 
refpiration, “ee - = SH as 
+) ‘ 45, 
: 228 
Dalton, Mr. his experiments on aqueous var» 
ferred to, tes - 
Darwin, Dr. his opinion refpedting the 
_ fur re. 
ment of refpiration, retihts 2 thie 
Commens 177 
41 
Darwin, 


264 


Darwin, Dr! ;his remarks'on,.the alternations of ref: . 


i 


piration, m an Tinwok sa¥ie 
— - fappofes throat to be a; connexion 1+ 
tween the motions of the heart and the lungs,.), .. 
fuppofes that, the Jungs. hayie an in- 
nate powry of motions, - pilitiin slang 

—, his remarks on the colour ae the ote mate 


¢ 
I 


Davy, Mr. his eftimate of a fingle infpiration, .«: 


vonfamed 4 in atulita be tacloiieeats am ‘ 
. se of. Pa his iy 


“acid gas noe - paittie . 


“ithe air experiences, woves - 2 
--— fuppofes that atmofpheric air.is shina 


Sed eon the blood, -- - 4 


5’ his igi ioe on» the eipiaton of 


thea dieses - - elit atal siydy 
+ fuppofes: that: azote is abforbed by. ibe: 


lungs, ~ oe havo i p EE Eee aa 


—-+, his experiments: on: the iefpitation of 


azote, ~ - a - toes 


the oxide of azote, ¢ at 


oxygene, ee wed . arn o iy ty 


, his eftimate of the bulk of the) thorax. | 


in aka expiration,’ ... «9 /+ hepsi (dente 
——_—_———, remarks-upon his iiiatihd ae WwouAT Opes): 
—-, his eftimate of, the quantityof abygene. panes 


———+, his eftimate: of the diminution, altel ; 


120 
akg 
96 
150 
148, 216 


«146 


» his eudiometrical obfervations ° ivefervedd bes 


Fao - aah icheigo ait ae 


Dela Metherie, M. his efimate of a fiuple tifpito A 


~ ration, 0° : _ 


iw 202 


27 
De 


265 


¢ 


De la Metherie,M: fuppofes that. water is gene- 
-xated by refpiration, - - aig 
De la Place; M, his account of Lavoifier's aft ex! osiisi 

“\periments, | * stile, sdikihe ei! 


De Marti’s eudiometrical obfervations referred to, 


Diaphragm defcribed, . - pay 
--—, principal agent in refpiration,, §' {/-....4 


——--, remarks upon its action, & is 
Drowning, a defcription of the action of the ref- 


piratory organs during - POM ty 


Dumas, M. his. opinion refpeéting the teruiihation 


of the bronchia, - Wort: sae to 


— fuppofes that the ok ie an innate 
power of motion, = = |) alaiet] See 


E. 


Expiration, the natural ftate of the lungs, == - 


—-, the paffage of the blood throught the 


Langs, fuppofed to be impeded during — - 
—~- complete, eftimate of the fiate of the ‘3 
‘lungs during — | ~ ip ia a " 


Fabricius, his remarks et the: bead aoa. refer- «> 


red to, oo ee = URIERO: OHH. - 


Fibrine, refpiration affifts in the formetion of 


‘Fith; remarks upon the refpiration of 0-9 © 2-, 


Foetus, remarks upon the ftate of the fing in the 


—-, how produced, © sie 


» his opinion refpeting the sigan of the © 
interoottals, rth A, Hees 3 ! st ti 


158 


_.167 


58 


35 


160 


- 163 
“181 
1, 156 

AZ 
Feetus, 


266 


Fett, effets produced upon its organs of ein 
“at birth, - -« goliprigter ¥ 


Fontan, his experiments on | ‘nydrogenous gas re-.. 
“ferred to, sos ~ 3 aed 
—+—, his .eftimate of «the bulk. of lay fle inipie . 


) ration, - - ren reat 
anneane M. his Se a on rat blood. [referred 
r ‘to, : = el itso ie Ff a4 7 - $8: 


——— ———-+) his ‘opinion: eee ven the: compof 


“tion of the atmofphere referred to, itshord ‘orf 


————+, ‘his'account of Mayow referred to, - 
——_—_—--—— fuppofes that water is generated by 
refpiration, ait Se Nig . 


G. 


Gay-Luffac, M. his experiments on aqueous vapour 
referred to, Serre He tN 

Goodwyn, Dr. ‘his eameie of. the capacity of the 
thorax in complete expiration, - - 

- of a fingle aes: 


Cis, 


————-————._ produced an artificial hydrothorax, 
—_——. , his eftimate of the diminution which 
air experiences.in,refpiration, . __- = 


lungs afterthanging,..  .... °,- it Z 


- Gren fuppofes that water is generate by refpira- 
“ration, ‘to site = =. bas 


‘Guinea- -pigs, veetabee performed upon , them, | 
“Guyton-Merveau,M. .bis experiments on charcoal 
anireferred to, - - 2 - 


—— remarks upon his experiments, - 


de be 


jon the iron contain- \: 
‘ed in the blood, “ retest eto arte 


serene 8 obfervations on the ftate of the | 


177 


87 


170 


228 


97,9 


128 


Guyton-Morvean, 


267 


Hartley, Dr. his hypothefis to account for the com- 


| Page 
; Guyton-Morveaa, M. fuppofes that water is gene- i 
-rated by ea ry ain - - - 228 
H. 
Hales, Dr. his eftimate of the extent of. the -pul- 
monary veficles referred to, _. - yes 10 
-, his account of the effets produced by 
the dilatation and contraction of the thorax, 56 
-, his opinion refpe@ting the Se pro- 
duced in the air by refpiration, . 71 
-, his eftimate of the quantity of | aqueous 
‘vapour emitted from the lungs, - i gl 
-, his eftimate of a fingle infpiration, - 178 
-, his opinion refpecting the velocity of 
the blood during its paffage through the lungs, 212 
Haller, his hypothefis to account for the com- 
mencement and alternations of refpiratien, 40, 6, 179 
--, fuppofed that the circulation was affeéted 
by the change which the thorax experiences in 
refpiration, = 7 . 58 
——--, his opinion refpe@ting the change which 
the air experiences by refpiration, _ - = 72 
-—__—__—_-—_—_—— the Ay of the 
lungs, trian - sine TSS 
oe —— the exiftence of air . 
between the pleura, _ - > | = 0150 
——--, his remarks on the aétion of the intercof- 
tals, - - . - - 16) 
Hamilton, Dr. his experiments on ‘the blood re- 
ferred to - - - - 215 
Hanging, ftate of the lungs after - ni 170 


mencement, 


268 


‘mencement, and fubfequent alternations - ref-* 
“\piration, = - Fil ae Fale hea od] 


Habieys s problem refpecting cn commencement of 
re{piration, - : - - 
» Dr. Whytt’s selnsitdee upon : 
Haffenfratz, M. his experiments upon the blood, 
LL —--——=«—, his erroneous’ aeevert of Craw- 


_ford’s theory, mien iviatl bs wtn sins ick 
oe fappotes abe water is | generated i 


by refpiration, | - - - 
Helvetius, M. his sii epetng the ‘trudtive 
of the lungs, - - - 
Higgins, Dr. his” Wang et a: on ) the eration of 


te 


ti ne - - Tih - 


~ azote, URE SNES BH = - 
- fappofes t that water 18 Snail oF le 

ration, . - ~ - 
Home, Dr. his éftimate of the aqueous vapour emit- 


ted from the lungs referred to, a GW wanes 


Hooke, Dr. his experiment on the thorax referred 


TOMTECED CD 


to, athe A - Ove Ae Bek 
; , his theory of combuftion noticed, em 
Hunter, Mi his obfervations on the blood, - 
- -, his obfervations on animal heat re- 

ferred to, ty ener : ae ee 
‘Hydro-carbone, its ey aes Th the fyftein when 

ref{pired, - - - - 


fHydrogene generally fuppofed to be ooruarged 


from the blood by refpiration, © | o 
‘Hydrogenous gas, experiments on the refpiration of , 149, 175 


ts 


126 


 Inflammable 


269 


ae 


BGth . qree af ey a See 


Inflammable | inatter ofthe blood} Dr. Crawford's | 
hypothefis concerning its fource, © | ns » WES 


es rrr chime principally de- 

rived from the chyle, «| - ‘ - 

rete ors een inertia M. rarolsan s 
opinion concerning it, 000 =) 3 eis 


“Infe@s, obfervations on their rafpivatiod) rit Wake, 


Infpiration, how produced, |. |) - (TA oe 
-, eftimate of ‘the bulk of a Gngb - 


——— -, hypothefes to: aceiiost for » its. com-: 
mencement,- - TIM NST SIG 98 GOs 
— and expiration,: hypothefes to account 
for their alternation, 9)! is) ) hen! « 
InftinGtive actions, important agents in.-the animal 

ceconomy, - aboriy high: on 
———-—— defined, | (Re Ghd. pn 

Intercoftals, aGtion of in refpiration, Ruy Rei 
nn ei eaten, CONtroverfy : 

concerning, “ . a 
Tron contained in the blood, pufusqe ada) - 
Irritabilsty mufcular, remarks upon Peviel ie 
Jacquin, fuppofes that water.is generated by refpi- 

_ ration, - - - et Sas | 
Jurin, Dr. his eftimate of a fingle inifpiration| gone 
Jurine. M. —_— > 

——- fuppofes that azotic gas is ahticainy by 
. refpiration, - - = - 


’ 
K. ‘ 


Keill, Dr. his eftimate of the extent of the pulmo- 
nary veficles referred to, - * pe 


“49, 164 


2 
34 
38, 180 


AG, 184 


Kite, 


270 


Kite, Mr. his eftimate of a fingle infpiration, q's 


———_—____-——-— of the capacity, of the lungs 


in their different ftates of diftention, referred to, — ' 


aoe 


Laéteals, how affected by refpiration, 9 = + 


for the converfion of ‘arterial into venous blood, 
Lavoifier, M. his experiments on: the change pro- 


duced epee the air iui refpiration, = - - 


: ——- on the quantity: of - 
oxygene 5 Soetiees by akiciarh os > 


carbonic acid sodden -- 2 F 


——-~-, his eftimate of a6 diminution which 
the air AP BA ison tk bo troiky 


. -, why furnifhed with valves, - GO 
La Grange, M. propofed an hypothefis, to account: | 


——— of the ne of-water 
produced, mi hiuae - - atrao 
, -, his opinion refpeéting the: change i 
which the blood experiences, © 9° + TF “¢i 


193 


19 82 


—__——— fuppofes:that, prironenes is difcharged nine 


from the blodd, i e . 


———--———-—, remarks upon his memoirs, - 
Liver, how affected by refpiration, : - 
Lower, his experiments on the colour of the 

blood, “5 4 | : gers * 


-, his experiments: on thocnefifaticin of! 
oxygene, dip ri sol snewesinte, yy BY 

: —— —- of .. 
hydeent: mate Los 4 itily silt gSROR EN 


271 


complete expiration, | oie - dei 
3 


0 Page 
Lungs, eftimate of théir contents*in the fate of? © > 


35 


——+-, fuppofed by fome authiors: to’ one an’ ‘ioragrx0 


nate ‘power of motion,” 10928 (Ded 2 


: M. 


Malpighi’s obfervations on the ftru@ure of the 


lungs, « . Ks be J 


Martine, Dr. his hypothefis to account for the com- : 


mencement of infpiration, - - 


Mayow, his opinion vrefpeéting the a@tion of the 


air upon the blood, - - i" 
—-- refpe&ing the action of the 


er tees 


intercoftals, - - - - 


’s writings; remarks upon them; .°. © 4 <6.) 


~~ 165 


157 


Menzies, Dr. his remarks upon Goodwyn’s. experi-;!). » 


sence i L - é y r om — Ow ~ =. an ey Morerenrvers 


Stee —, hig hala’ of a Gale inffita dems jie 


rr 0f the; quantity: of car-) 

bonic acid generated by refpiratipaaid Ghat tot de oerras 
: to of aque-) * 
ous vapour expired, - ‘wetborinnighat ee | 
Morgagni, a cafe of his referred: toys) oe) pp ee ic 
Muriatic..acid, oxygenated, «its, effets: wien vithe: 
blood, - ~ fy yan bron 


, 

iE Hi 
mae Pe 
ae 


Nerves of the thorax and diaphragm; ‘how “affelted 


- by Rapa ODy, - - : - 


Tey O. | NASIR tus oh 
CEfophagus, how affeGted by refpiration, — “ 


Oxide 


. 272 


en Page 
Oxide of azote, experiments upon the refpiration 
a ee - Pa Huvients oleleetgn 148 
Oxygene confumed by refpiration, +» 76, 99,231 
—__——--- changes the colour of venous blood, 106, 116 
-- employed in sbesisha for the cure si 
Phthifis, - - - a! 250 
Oxygenous gas, experiments upon the refpiration . . 
‘of eet ne : a 140 
Seemann » weight of, remarks on ‘dear ony ae’ 8 
—--————-—, remarks on the bt» employed 
to procure it, } - ae = ape 244 
P. 

Particles, red of the blooa, waits the 08 on 
which the air ats, © 9° =) - ~ 123 

So NRaMMX: hia octal oi Rite, remarks. upon their 
s compofition, © 95: 9 « a -. - 124, 220 

Petit, M: his hypothefis' to account for the com- 
~ mencement of refpiration, 3 Me - 184 

Phlogition, fuppofed to be difcharged. from the 
’ blood by refpiration, - ~ - 106, 9 
Phthifs, pneumatic treatment of Si! - 250 

Pilatre de Rozier M. his. attempts to refpire carbo- 
nic acid gas, ~ - ae t 153 

Pitcairne’s hypothefis to account for the commence- 
ment and alternations of refpiration, - - 181, 4 

Prieftley,, Dr.--his_difcoveries:. refpeCting the,atmo-_ 
, {phere_ referred to, . - - vw 73 

—————-~, his experiments refpeCting the ates 
which the air experiences by refpiration, - 73 


Prieftley, 


¥ ae 
OU - OL ii 14 


3 wit } 
SE a a? 


273 


Page 
Prieftley, Dr. fuppofes that azote is abforbed by : 
refpiration, - = - 2 96 
————-—-, his experiments upon the colour of. 
the blood, - . . - 105, 116 
—_— on the refpiration of oxy- 
genous gas, - ae ia - 140, 245 
—_—_ of the 
oxide of azote, ~ - is 148 
-, remarks upon his experiments, - 208 
Pulmonary veffels, defcription of = = =~ - 5 
———~ tranfpiration, cools the body i in high te tem- 
peratures, - - - 2 242 
Pulfe, not affected by ordinary refpiration, - 57 
R. 
Refpiration, defcription of the human organs of - 3 
, -~~——-of an ordinary act of - v4 
--, violent act of, how effeGted, , ot 9 
--, hypothefes to account for the com- 
mencement of - - - 38, 180 
—_— remarks 
upon - ~ - a ES 
~, hypothefes to accountfor the alternations of 46,184 
re rr en ee remarks upon 48 
Rete Mirabile Malpighi defcribed, " - 5 
Ribs, obfervations on the motions of in re{piration, 109 
-Richerand, M. his eftimate of the bulk of a fingle 
See nia ~ 3 = 178 
fuppofes that water is generated by 
refpiration, - - z Peligi 228 
. » his hypothefis refpecting the chyle, 242 
Robifon, Prof. his sail refpecting Mayaw, - 200 


R Rutherford, 


QA: 


: Page. 
Rutherford, Dr. fuppofes that water is generated by F 
refpiration, Rabe's ni - - 228: 
pk S. 
Sabatier, M. his opinion refpecting the action of the 
intercoftals, Se - - ~ 162 
Sandtorius’s experiments referred to, - - 206 
Sauvages’s eftimate of a fingle infpiration, - 178 
Scheele’s difcoveries refpeGting the atmofphere re- 
ferred to, - - - - {3 
a dntives: their Be deues affumed, . - 252 
Seguin, M. his experiments performed in conjunGtion 
with Lavoifier, — - oar 82, 86, 94, 231 
, his obfervations on the difcharge of hy- 
Bee from the blood, - . - 128 
, fuppofes that water is generated by ref- 
piration, © * - + : 228 
Senac, M. his opinion refpeding the® tannin re- 
ferred to, - - - ~ 160 
_- cnet ae ‘the “motion! iof ne 
blood through the lungs, - - - 212 
Skey, Dr. his hypothefis refpeGting the flate of the 
lungs after hanging and drowning, - .* 171 
Smith, Dr. his experiments referred to, - 252 
Stimuli, different ways in which they affect the muf- 
cular irritability, - - ~~ “ 50 
Tennant, Mr. his experiments referred.to, = - 128 
Thomfon, Dr. fuppofes that atmofpheric air is ab- 
forbed by the blood, - - - 120 
ene ae opinion refpedtiog Wiaiy oe, =. 200 


Thomfon,, 


275 


Page. 
Thomfon, Dr.fuppofes that water is generated Dis 
Tefpiration, | | je ; ~ i a hy 228 
Thoracic dud, how affected by refpiration, eda Bi 
Thorax, effeés produced by its meton, OY Ss 
Trachea, defcription of - - - 3 
Tranfpiration pulmonary, cools the body in high © : 
temperatures, _ A ae _ ae 242 
-, experiments to afcertain| ao) 
the amount of, by Lavoifier and Seguin, ~ 234 
V. 
Vauquelin, M. his experiments on the iron in the. 
blood, - - - - =, 124 
-—— on the refpiration of 
infects and worms referred to, - - 156, 203 
» fuppofes that water is generated by 
refpiration, - - - 228: 
Veins of the abdominal ee how affected by 
refpiration, : - - - 63 
isle , not furnifhed with 
valves, - - - -— 64 
Vena Cava, how affected by ea Sia - 61 
Venous blood, in what refpects different from arterial, 122, 135 
Veficles pulmonary, defcription of - A 


» Opinions refpecting their thape, 157 
—— » hot poffeffed of mufcular power, 166 
Volition, one caufe of mufcular pee 


- 50 
| aN 
~ i ea Hy 
Water emitted from , hes,wibt ae agreed by ! 
refpiration, a = =f 129 


Wells, Dr, a “egos of ne blood, 220 
x 


Wells, 
ow 


975 


Page. 
Wells, Dr. his experiments on the i iron of the blood, 222 
Whytt, Dr. his hypothefis to atcount for the com- 


‘mencement and alternations of réfpiration, - 30, 47 
Willis, Dr. his doer of the pulmonary veficles 

‘ referred toy | - - - - 157 
—, his hypothefis to dat for the com- 

mencement of refpiration, - ee 184 

Winflow, his remarks upon the diaphragm referred to, 160-3 

Worms, Vauquelin’s experiments on *; "7 203 

¥. 


Yeats, Dr. his opinion ee. the writings of 
Mayors a 2 ae “ - 200 


Lowa 
ry 


” iy = 


Fal 
‘en 4 


; Ry 
VK ie 
la, 
my y 
eed 


» le Ate 
‘ hits ae Soe 


4 


My ie 
(i ay: 
pred SB) 

> 


£ 

zs 
ke 

4 


= Pere 


